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Summary: Dietary, serum, and tissue levels of copper and zinc were deter- 
mined at baseline in a cohort of homosexual men to investigate the relationship 
of these factors to human immunodeficiency virus type 1 (HIV-1) seropositiv- 
ity and subsequent progression to AIDS. Using a nested case control design, 54 
asymptomatic HIV-1 seropositives who later progressed to AIDS were com- 
pared with 54 HIV-1 seropositives who did not progress and 54 seronegatives 
(mean follow-up time 2.5 years). Serum levels of copper and zinc were esti- 
mated from frozen serum samples, tissue levels from stored toenail samples, 
and dietary intakes from a semiquantitative food frequency questionnaire ad- 
ministered at baseline. Neither dietary copper and zinc nor their levels in 
toenails were associated with HIV-1 seropositivity or progression to AIDS. 
However, serum copper levels were higher (p = 0.002) in HIV-1 -seropositive 
progressors (mean = 115.6 jig/dl; SD = 17.1) than the seropositive nonpro- 
gressors (mean = 109.0 jig/dl; SD = 15,8) and the seronegatives (mean = 
101.9 ftg/dl; SD = 16.7). (Conversely, serum zinc levels were lower (p = 0.016) 
in the seropositive progressors (mean = 85.2 fi.g/dl; SD = 11.5) than the 
seropositive nonprogressors (mean = 90.7 ^lg/dl; SD = 12.0) and the seroneg- 
atives (mean - 92.0 ^.g/dl; SD = 14.7). Furthermore, in a logistic regression, 
higher serum copper (odds ratio per 20-M,g/dl increase = 2.23; 95% confidence 
interval = 1 .02-4.87) and lower serum zinc (odds ratio per 20-^g/dl increase = 
0.30; 95% confidence interval = 0.14-0.66) predicted progression to AIDS 
independently of baseline CD4* lymphocyte level, age, and calorie-adjusted 
dietary intakes of both nutrients. These data suggest that copper and zinc (both 
of which are acute phase reactants) may be useful markers of progression to. 
AIDS and HIV-1 viral activity. Key Words: Copper— Zinc — Nutritional sta- 
tus — Human immunodeficiency virus seropositivity. 



Patients with AIDS are known to suffer from spe- 
cific nutrient deficiencies, malnutrition, and intesti- 
nal malabsorption (1,2), but nutritional status ear- 
lier in the course of infection has not been widely 
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studied. There are two key questions to ansffs^'^ 
First, can any nutritional deficiencies be identif^l; ; 



that might be amenable to intervention, and se 
can specific nutritional markers be identified M^* •! 
predict progression to AIDS? During infection, 
rum zinc levels generally decrease, primarily oW^^:^ 
to increased hepatic uptake of zinc (3-5), while 
per levels increase owing to increased productioi*'^ 
ceruloplasmin (6-8). Both nutrients are believe<i^:.^j:.. 
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1^ important in maintaining immune function (9,10). 

particular, zinc deficiency has been associated 
;|fith decreased numbers of circulating T-lympho- 
;^yfcs and reduction of T-cell responses to antigenic 
;|i(!0iulation (9). A number of cross-sectional studies 
;i|^ve reported lower serum and plasma zinc levels 
^ more advanced human immunodeficiency virus 
UlIV) disease (1 1-14), but data on copper are less 
H^sistent (15,16). 

|.In this prospective study we examined baseline 
f^per and zinc levels in serum, toenails, and diet 
^54 asymptomatic HIV- 1 -seropositive homosexu- 
;|ls who later developed AIDS, 54 asymptomatic se- 
ppositives who remained AIDS-free, and 54 se- 
pnegatives. Our chief aims were to determine if 
||bese factors were associated with risk of progres- 
to AIDS after adjusting for CD4^ lymphocyte 
ji^vel and whether their levels differed between se- 
lifopositives and seronegatives. 
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METHODS 
Population and Epidemiologic Methods 

1;:; The study population was identified from the Bai- 
l iimore site of the MuUicenter AIDS Cohort Study 
|^(MACS) (17). The Baltimore MACS is a prospec- 
ixj tive study of 1,153 (345 HIV-1 seropositive at base- 
lline) homosexual men recruited in 1984. Partici- 
: ipants are seen semiannually and complete a study 
'; o^estionnaire, receive a physical examination, and 

have blood drawn for hematology and storage as 
: :. frozen serum and plasma. HIV-1 seropositivity is 

I determined by a positive enzyme-linked immu- 

^|iosorl)ent assay and confirmed with Western blot 
• Resting. Percentages of CD4^ lymphocytes per cu- 
..bic millimeter are determined using standard flow 
^cytometry methods. A nested case control design 
ii.was used to explore the relationships between zinc, 
:;: copper, HIV-1 seropositivity, and progression to 

AIDS. Fifty-four HIV-1 seropositives who later 
;: progressed to AIDS were matched on age (±5 
i:;;S;ears) and follow-up time with 54 seropositives who 
llydid not progress to AIDS and 54 seronegatives. 
:;.i:^>ases and controls were included in the study if, at 
l^^eline, they had complete dietary data and were 
|:^e of diarrhea, weight loss, and gastrointestinal 
|i;|and other opportunistic infections in the previous 6 
li^nths. 

|p Dietary intakes were determined from a 1 16-item 
.y^sion of a semiquantitative food frequency ques- 
iflionnaire (18) that focused on dietary intake over 



the preceding 12 months. The semiquantitative food 
frequency questionnaire includes consumption lev- 
els of foods, beverages, and nutrient supplements 
that are used to calculate specific nutrient intakes. 
The questionnaire has been widely used in epidemi- 
ologic studies and has been shown to be a reason- 
ably valid and reliable instrument for measuring 
both macronutrient and micronutrient intakes 
(19.20). The dietary questionnaires were completed 
at study visit 2 in 1985, —6 months after the collec- 
tion of serum and toenail samples at study visit 1. 

Laboratory Methods 

Toenail specimens were cleaned by sonication in 
distilled water for 10 min. Samples were dried for 48 
h at 3TC. Any traces of foreign material were 
cleaned from the nails with acetone, the nails were 
then rinsed and dried. Copper and zinc concentra- 
tions were determined in serial experiments begin- 
ning with copper (21). 

In the first experiment, the samples were irradi- 
ated for 1 min at a thermal neutron flux of 1 x 10^"^ 
n cm~^ s" * at the University of Missouri-Columbia 
Research Reactor (MURR) using the pneumatic 
tube facility (21). Radioactive ^Cu is induced in this 
process [^^Cu(/i,7)^Cu]. At the end of the irradia- 
tion, each sample was transferred to an unirradiated 
container and the mass was redetermined. After a 
3-min decay period, the samples were real-time- 
counted for 10 min using a high-resolution 7-ray 
spectrometer. Pulse pile-up corrections were done 
via virtual-pulse loss-free counting using the West- 
phal method. The 1,039-keV 7-ray from the decay 
of ^Cu (iVi = 5.10 min) was quantitatively mea- 
sured and the copper concentration was determined 
via standard comparison. 

In the second experiment, the same samples used 
in the Cu determinations were transferred to a high- 
purity quartz vial, heat sealed, and irradiated at a 
thermal neutron flux of 6 x 10^^ n cm " ^ s ~ ' for —50 
h using the in-pool irradiation facility at the MURR 
(21). Radioactive ^^Zn is induced in this process 
[^Zn(n,-y)^^Zn]. After a decay period of ---4 weeks, 
the samples were placed on an automatic sample 
changer and live-time counted for 2 h using a high- 
resolution -y-ray spectrometer. Pulse pile-up correc- 
tions were made as a part of the peak extraction 
process. The 1,115-keV 7-ray from the decay of 
^^Zn was quantitatively measured and the Zn con- 
centration was determined via standard compari- 
son. 
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Serum copper concentration was determined by a 
Perkin-Elmer 560 atomic absorption spectropho- 
tometer (Perkin-Elmer Corp., Norwalk, CT, 
U.S.A.) (22). Serum samples of 1 ml were diluted 
with 3 ml of deionized water. Standards, Q-300 
^Jlg/dl. were adjusted for viscosity with 10% glycerol 
and for ionic strength with sodium chloride. Two 
quality control samples were used in the procedure, 
one with a mean concentration of 135 jjig/dl and the 
other 270 ^tg/dl. The interassay precision was 5-6% 
coefficient of variation (CV). Serum zinc concen- 
tration was determined by the same absorption 
spectrophotometer as copper, using similar meth- 
ods to plasma zinc estimations (23). Serum samples 
of 1. 0 ml were diluted with 4 ml of deionized water. 
Standards, 0-200 p.g/dl, were adjusted for viscosity 
with 10% glycerol. Two quality control samples 
were used in the procedure, one at 60 p.g/dl and the 
other 120 jig/dl. The interassay precision was 
5-6% CV. 

Statistical Methods 

Analysis of variance was used to make compari- 
sons of micronutrient levels between the seronega- 
tives, the seropositives who did not progress to 
AIDS, and the seropositives who did progress. A 
second analysis to determine predictors of progres- 
sion to AIDS among seropositives was based on 
unconditional logistic regression. Independent vari- 
ables were all analyzed as continuous covariates in 
the logistic models. Odds ratios and 95% confidence 
intervals are presented for incremental increases in 
each variable. Reported p values in post hoc t tests 
were not adjusted for multiple comparisons. Pear- 
son's correlations were used to determine the rela- 
tionship between dietary intakes of copper and zinc 
and their levels in serum. 

RESULTS 

The mean follow-up time in this study was 2.5 
years (SD =1.1). Mean age was 35.5 years and did 
not vary between the three study groups (seroneg- 
atives, seropositives who progressed, and sero- 
positives who did not). Baseline values for copper 
intake, zinc intake, toenail concentrations of copper 
and zinc, serum copper, serum zinc, and percentage 
CD4^ lymphocyte levels are presented in Table 1. 
Dietary intakes of copper and zinc did not differ 
significantly between HIV-l-seropositive progres- 
sors, nonprogressors, and seronegatives. Similarly, 
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TABLE 1. Mean micronutrient values and percentage CIM^ 
lymphocyte levels, at baseline, in HIV-} seropositives who 
progressed to AIDS, filV-1 seropositives who did not 
progress, and HlV-l seronegatives 

HIV+ HIV + 

progressors nonprogrcssors HIV- 
(n - 54) (n = 54) (a = 54) « 




Copper 
Scnim 
(»ig/dl) 
Mean 
SD 
Dietary 
(mg^day) 
Mean 
SD 
Toenail 
(ppm) 
Mean 
SD 

Zinc 
Serum 
(jig/dt) 
Mean 
SD 
Dietary 
(mg/day) 
Mean 
SD 
Toenail 
(ppm) 
Mean 
SD 

Percentage 
CD4+ cells 
Mean 
SD 



115.6 
17.1 



4.2 
2.4 



5.6 
4.4 



85.2 
11.5 



24.1 
22.9 



102.1 

32.8 



26.0 
9.8 



109.9 
15.8 



3.9 
2.1 



6.5 
8.2 



90.7 
12.0 



20.9 
25.4 



104.2 
47.2 



36.4 
13.4 



101.9 O.OOC^. 
16.7 



4.3 
2.2 



5.3 
3.2 



0.5} 



92.0 0.016 
14.7 



17.9 O.30 
10.9 



103.2 0.96 
18.4 



41.9 o.oooi: 
8.6 



no differences in toenail levels of zinc and copperi 
were detected between the three study groups. 
However, consistent significant trends were seea; 
across all three groups in both serum copper and. 
serum zinc levels. For serum copper, in pair-wise 
analyses, HIV-1 seronegatives had significantly 
lower baseline levels than both HlV-1-seropositivc 
progressors (p = O.OOOI) and nonprogressors [p - 
0.012). For serum zinc both the seronegatives (p - 
0.009) and seropositive nonprogressors {p = 0.017) 
had significantly higher levels at baseline than the. 
group that progressed to AIDS. As expected, pef- 
centage CCM"^ lymphocyte levels were strongly as- 
sociated with HIV-1 seropositivity and progression: 
to AIDS (Table 1). 

Pearson's correlations were examined between 
copper and zinc intakes and their respective levefc^ 
in serum and toenails. Correlations were uniformlf 
weak and nonsignificant. Potential interactions be* 
tween nutrient intakes and serum micronutrient lev^;; 
els were examined in stratified analyses using twch 
way analysis of variance. Copper intake levels were 
dichotomized to ^4 and >4 mg. Copper intake di*^ 
not alter the relationship between serum copper ai^ 
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54) 



.9 
.7 



.3 
.2 



,3 
.2 



.0 

.7 



o.ooic 



0.S6 



0.53 



0.016 



pP^^ither HIV-1 seroposilivity or progression to AIDS 
^Plibr the interaction, p = 0.61). Zinc intake was di- 
l!|i|botomized to =sl4- and >I4-mg groups. Once 
^J^aitif no significant interaction was detected (p = 
.^:i;::§J6). Finally, the interactions between serum cop- 
g;^and serum zinc with respect to HlV-1 seropos- 
ili&yjty and progression to AIDS were also exam- 
Ipl^d. The relationship of serum zinc levels to the 
llja^ee study groups was not altered by any interac- 
with serum copper (p = 0.78). 
i; ;:■ fTo determine the relative importance of serum 
p;l|S^pper and serum zinc as predictors of progression 
lli^ AIDS, these variables were examined in a series 
^■^V^ logistic regression models that adjusted for the 
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I".- :.!^|multaneous effects of micronutrient intake, calo- 
intake, percentage CEM"^ lymphocyte levels, 
and micronutrient levels in toenails (Table 2). 
jllPie first three models include serum copper and 
zinc singly and together. Serum copper be- 
liil^e a significant predictor of progression to AIDS 

i Nil^er adjustment for serum zinc levels. This appears 

ii jv % consistent with the previously described met- 
p i^lic interactions of these two micronutrients (10). 
|:: :M 4 shows that copper and zinc intake did not 
t::.:ib:ntribute prognostic value after adjustment for 

lll^centage CD4^ lymphocyte level, but serum zinc 
i;%id copper remained significantly associated with 
^|tPgression to AIDS. Finally, adjustment for age 
•lll^d inclusion of toenail zinc and copper variables 
:||id|d not alter the odds ratios and confidence limits 
J;*;;is^ained in model 4 (Table 2). 



DISCUSSION 



f^^ii^'y^ this study asymptomatic HIV-1 -seropositive 
||:||omosexua^ men had higher serum copper levels 
pj:^ lower serum zinc levels than a similar age- 
T :-^t^ group of HIV- 1 seronegatives. Among the 

:;,'tABLE 2. Four unconditional logistic regression models of ' 
serum copper and zinc with progression to AIDS 
as dependent variable 



Model 



liBvi copper (per 20 jig/dl) 
Scrum zinc (per 20 jig/dl) 
Scium copper (per 20 ^ig/dl) 
&?=r:=-:Scnirn zinc (per 20 jig/dl) 
p;:.;;:;;^.<.SciiJiii copper (per 20 jig/dl) 
[ • • Scnim zinc (per 20 ^ig/dl) 

^^^L}^%{PCT 15%) 

|::::.:v:';P?«*^ zinc (per lO mg) 
Klfv.llJietary copper (per 10 mg) 





95% 




Odds 


confidence 




ratio 


interval 


P 


1.49 


1.00-2.20 


0.08 


0.45 


0.21-0.98 


0.02 


K82 


1.23-2.70 


0.04 


0.37 


• 0.17-0.81 


0.01 


2.23 


1.02-4.87 


0.04 


OJO 


0.14-0.66 


0.01 


OJO 


0.17-4).54 


0.001 


).03 


0.85-1.25 


0.73 


1.22 


0.14-10.55 


0.86 



seropositives, those who progressed to AIDS in the 
next 5 years had significantly higher serum copper 
and lower serum zinc levels. The predictive value of 
these micronutrient levels persisted after adjusting 
for baseline percentage CIM"^ lymphocyte level and 
calorie-adjusted dietary intake of copper and zinc. 
There was no correlation between dietary intake of 
copper and zinc and the level of these micronutri- 
ents in serum. Toenail levels of copper and zinc 
were not related to HIV-1 seropositivity or progres- 
sion to AIDS. 

Zinc and copper are both known to be acute 
phase reactants and their levels in serum have been 
shown to change significantly in a range of acute 
and chronic infective, inflammatory, and neoplastic 
processes (3-8,24,25). Typically, zinc levels de- 
crease owing largely to hepatic sequestration of 
zinc and to a lesser extent increased zinc excretion 
(6). Copper levels in serum increase in infection and 
neoplasia owing to increased production of cerulo- 
plasmin (10). Our data suggest that similar changes 
may occur in early HIV-1 infection and appear to 
reflect viral activity since levels vary between HIV- 
1 seronegatives and seropositives and are predictive 
of disease progression. The lack of association of 
seropositivity and disease progression with nutrient 
intake supports the hypothesis that serum copper 
and zinc are markers of disease activity/progression 
rather than causally related. The plausibility of this 
hypothesis is further supported by recent data 
showing that viral replication can be detected in 
eariy asymptomatic HlV-1 infection (26) and that 
other nonspecific markers of immune system activ- 
ity such as neopterin and P2-™croglobulin appear 
to be useful predictors of disease progression (27). 

The copper and zinc responses observed in this 
study could also be potentially produced by oppor- 
tunistic infections. This is an unlikely explanation in 
this study since participants who reported gastroin- 
testinal and AIDS-related infections or disease at 
baseline were excluded. Thus, any acute phase re- 
sponse of copper or zinc is probably attributable to 
a direct effect of HIV-1 activity. 

Cross-sectional studies have demonstrated a re- 
lationship between low serum zinc levels and late 
stage HIV disease (1 1-14), but no other longitudinal 
studies have been reported to date. Only one small 
cross-sectional study examined serum copper levels 
in HIV- 1 infection and found raised levels in AIDS 
patients (16). In a larger but uncontrolled study, 
HIV-l-seropositive patients had either normal or 
high values for plasma copper (15). 
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Trace metal levels in tissues such as toenails tend 
to reflect longer-term dietary intakes of nutrients. 
Thus, the lack of association between toenail cop- 
per and zinc and progression of HlV-1 infection 
also argues in favor of serum copper and serum zinc 
being risk markers rather than causally related to 
progression. It has been hypothesized that zinc sup- 
plementation might be useful in retarding progres- 
sion of the immune deficiency in HIV-1 infection 
(12). Our findings do not completely exclude this 
possibility, but the absence of a relationship be- 
tween zinc intake and progression to AIDS makes it 
less likely that this approach would be beneficial. 
This is supported by recent in vitro data showing 
that availability of intracellular zinc appears to be 
necessary for HIV- 1 nucleocapsid protein assembly 
(28). Nonetheless, these markers appear to provide 
additional predictive information to CD4"^ lympho- 
cyte level and may prove useful markers for clini- 
cians and for identifying patients at similar stages of 
progression for clinical trials. Serum copper levels 
have been used as surrogate markers of response to 
treatment in Hodgkin's and non-Hodgkin's lym- 
phoma (24,25) and may have similar potential in 
HIV infection. Further research is needed to deter- 
mine more precisely what roles are played by cop- 
per, zinc, and other nutrients in the metabolic re- 
sponse to HlV-1 infection, as well as the potential 
for therapeutic intervention. 
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Serum Selenium Versus Lymphocyte 
Subsets and Markers 
of Disease Progression 
and Inflammatory Response 
in Human Immunodeficiency 
Virus- 1 Infection 

Markgs p. Look,* ' Jgrgen K. Rockstroh,' 
GoviND S. Rao,^ Karl A. Kregzer,' Glrich Spengler,' 

AND TiLMAN SaOERBRGCH' 

'Department of General Internal Medicine, and ^Institute 
for Clinical Biochemistry, University of Bonn, 
Sigmund Freud-Strasse 25, 53105 Bonn, Germany 

ABSTRACT 

Serum selenium levels were determined cross-sectionally in 57 
HIV-infected patients who were classified according to the Centers 
for Disease Control (CDC) 1993 classification system. Mean serum 
selenium levels were lower in CDC stage II (58.7 ± 12.2 |J.g/L; p < 
0.01; n = 18) and stage III (47.6 ± 11.3 Mg/L; p < 0.01; n = 19) HIV- 
infected patients, than in healthy subjects (80.6 ± 9.6 Jig/L; n = 48) 
and stage I patients (73.6 ± 16.5 |ig/L; n = 20). Serum selenium lev- 
els were positively correlated with CD4 count, CD4/8 ratio, hemat- 
ocrit, and serum albumin (r = 0.42; r = 0.39; r = 0.48; and r = 0.45; p < 
0.01, respectively) and inversely with serum levels of thymidine 
kinase (r = - 0.49; p < 0.01; n = 49) and p2-microglobulin (r = - 0.46; 
p < 0.001; n = 49). In addition, serum selenium levels in 20 randomly 
selected AIDS-free individuals (CDC I: n = 10; CDC II: n = 10) were 
inversely correlated with serum concentrations of interleukin-8 (IL- 
8) and soluble tumor necrosis factor receptors (sTNFR) types I and 
II. There was no correlation with serum immuneglobulin A and 
total serum protein levels. The results show that the progressive 
deprivation of serum selenium in HIV-infection is associated with 

*Author to whom all correspondence and reprint requests should be addressed. 
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loss of CD4+-cells and with increased levels of markers of disease 
progression and inflammatory response. 

Index entries: AIDS; HIV-infection; serum selenium; thymidine 
kinase; p2-microglobulin; interleukin-8; soluble tumor necrosis factor 
receptors I and II. 

INTRODOCTION 

In HIV-disease the balance between pro-oxidants, antioxidants, and 
cytokines is disturbed toward a chronic immune activation state (1-8), 
Oxygen radicals, hydrogen peroxide, and proinflammatory cytokines are 
suspected to direct intracellular signaling processes toward increased 
proviral transcription. It has been suggested that HIV takes advantage of 
the proinflammatory and prooxidative environment to replicate itself 
through the nuclear transcription factor k B (NFkB) pathway (9^22;. Con- 
sequently, unopposed oxidative stress programs a state of steady increase 
of viral load. At the same time, malnutrition, owing to inadequate pro- 
tein-calorie intake leads to a multilevel antioxidant deficiency that fur- 
ther heightens oxygen radical formation. 

The essential trace element selenium acts as an integral constituent of 
the antioxidative enzyme glutathione peroxidase (GSH-Px, EC 1.11.1.9), 
which detoxifies hydrogen peroxide and organic lipid peroxides at the 
expense of reduced glutathione (GSH), thereby preventing the forma- 
tion of the highly toxic hydroxyl radical. The oxidized form of GSH, 
glutathionedisulfide (GSSG), is in turn regenerated by the glutathione 
reductase which uses NADPH as redox equivalent, provided by the 
pentose phosphate shuttle. Thus, adequate concentrations of selenium 
and GSH are essential for optimal functioning of the GSH-Px system in 
order to maintain a reductive cytoplasmic milieu in HIV-infected cells 
to suppress the rate of HIV replication. In addition, immunological 
properties have been attributed to selenium (13), e.g., numeric reduc- 
tion of T-suppressor cells in mice (14), suppression of cultured human 
T-suppressor lymphocytes in vitro (14,15), increase of T-lymphocyte 
cytotoxicity and natural killer cell activities in healthy individuals 
(16,17), and enhanced reactivity against the two recall antigens can- 
didin and varidase and improvement of lymphocyte responses to poke- 
weed and phytohemagglutinin mitogen in selenium-deficient gut 
failure patients (18). 

In this preliminary study, we were interested to determine selenium 
levels in HIV-infected patients and correlate them with their clinical 
stage, with markers of disease progression and inflammatory response, 
such as the lymphocyte subsets, P2-microglobulin, serum thymidine 
kinase activity, interleukin-8 (IL-8) levels, and soluble tirnior necrosis fac- 
tor receptors (sTNFR) I and II (19-22). 
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PATIENTS 

Unselected HIV-infected patients (57) constituted the study group 
(43 outpatients, sequentially presenting to the clinic's immunological 
outpatient department and 14 hospitalized patients who were previ- 
ously admitted to the hospital via the clinic's outpatient department). 
The hospitalized patients were treated for acute opportunistic infec- 
tions (OI) and /or HIV-associated tumors. All patients were classified 
according to the Centers for Disease Control (CDC) 1993 classification 
system for HIV-infection (23). Characteristics of the patients are given 
in Table 1. Linear regression analyses were performed between serum 
selenium levels and markers for HIV-disease progression (CD4 count: 
n = 57; CD4/CD8 ratio: n = 57; p2 microglobulin, thymidine kinase 
activity, and immuneglobuline A: n = 49). Additionally, in 20 AIDS- 
free patients of the study group (CDC I: n = 10, CDC II: n = 10) serum 
levels of IL-8, sTNFR I and II were determined and also tested for cor- 
relation with their respective serum selenium concentrations. The sub- 
jects had not received selenium supplementation in any form for at 
least one year prior to selenium determination. HIV patients received 
standard antiviral therapy and prophylaxes appropriate to their clini- 
cal and CD4 status. The group of healthy controls consisted of 48 
subjects (32 male, 16 female), average age: 40.2 yr (range: 25-55) 
from the region of Borm without HIV-infection or abnormal laboratory 
findings. 

Determination of Serum Selenium 

Selenium was determined by atomic absorption spectrometry (AAS) 
using a 1100 Perkin Elmer atomic absorption spectrometer with a mer- 
cury hydride system (24). 

Determination of T-Cell Subsets 

This was done on a Becton/Dickinson-FACScan-flowcytometer 
using Simultest IMK-lymphocyte antibodies (CD4, CD8, CD3) from Bec- 
ton/Dickinson (Heidelberg, Germany). The absolute numbers of CD4+ 
cells were calculated on the basis of automated white blood-cell counts 
using an autodiffer (HI, Technicon, New York). 

Serum ^2-Microglobulin 

This was performed on a Multiscan Titertec MCC 340 ELISA-reader, 
using a commercially available EUSA kit (synELISA-kit by ELIAS, 
Freiburg, Germany). 
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Table 1 

Patient's Risk Factors According to the CDC 1993 Classification 



Parameter 


CDC I" 


CDC 11* 


CDC m-^ 


Age (yr, mean ± SD) 


36 ± 11.1 


37.4 ± 8.5 


37.1 ± 9.1 


iv Drug Use 


4 


5 


3 


Homosexual 


3 


6 


7 


Hemophiliac 


2 


4 


5 


Hetero- /bisexual 


11 


2 


3 


Blood Transfusion 




1 


1 



"71 = 20 (14 male, 6 female). 

= 18 (15 male, 3 female), 
•^n = 19 (18 male, 1 female). 



Thymidine Kinase Activity 

This was determirted in serum by radio immunoassay on a Berthold 
Multi crystall counter LB 2104 using a commercially available kit by Byk 
Sangtec (Dietzenbach, Germany). 

Determination of 11-8, sTTiFR I and II 

The IL-8 and receptotr concentrations were determined in serum on 
a Multiscan Titertec MCC 340 ELISA-reader, using a commerciaUy avail- 
able ELISA kit (synELISA-kit by ELIAS). 

Statistical Analysis 

The data were analyzed by one-way analysis of variance (ANOVA), 
multiple range test (Duncan) with post-hoc (Bonferoni) adjustment, and 
multiple and linear regression analysis using an SPSS-PC+-software pack- 
age (SPSS, Inc., Chicago, IL). The data are given as mean ± standard 
deviation. 



RESULTS 

Comparison of Serum Selenium 
in CDC I-III Groups and Controls 

Serum selenium concentrations markedly decreased with progres- 
sion of HIV infection. The mean serum selenium levels of stage III 
(47.6 ± 11.3 ng/L) and stage II patients (58.7 ± 12.2 ng/L) were 41 and 
27%, lower as compared to healthy noninfected individuals (80.6 ± 9.6 
Jig/L), and 35 and 20% lower as compared to CDC I (73.6 ± 16.5 Hg/L) 
patients, respectively (p < 0.01). Also the mean of group II was signif- 
icantly lower as compared to group III (p < 0.01). 
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Correlation of Selenium Levels with Markers 
of Disease Progression Marker 
and Immune Activation 
fsee Figs. 1 and 2 and Tables 2 and 3) 

When serum selenium levels were compared with the corresponding 
levels of cellular surrogate markers for progression of HIV infection, a 
positive correlation was found for CD4 count (r = 0.42; p < 0.01; n = 57) 
and for the CD4/CD8 ratio (r = 0.39; p < 0.01; n = 57). A negative corre- 
lation was found between serum selenium concentrations and activity 
of thymidine kinase (r = -0.49; p < 0.001; n = 49) and p2-microgobulin 
(r = -0.46, p < 0.001, n = 49; see Table 2) in serum. Multiple regression 
analysis of selenium, thymidin kinase, p2-microglobulin, and CD4 count 
revealed that only serum thymidine kinase activity was independently cor- 
related with serum selenium, whereas CD4 count and p2-microglobulin 
were not independent factors with selenium in a trifactorial analysis. We 
found the levels of IL-8, sTNFRs I and II inversely correlated with their 
respechve serum selenium concentrations in 20 randomly selected AIDS- 
free individuals (r = 0.47; r = 0.5; and r = 0.6; p < 0.01, respectively). 

Serimi selenium levels were positively correlated with hematocrit 
and serum albumin (r = 0.48, p < 0.01; n = 57 and 0,45; p < 0.01; 
n = 57, respectively) whereas not with total serum proteins or immune- 
globulin A levels. 

DISCUSSION 

Our study shows that serum selenium levels in advanced stages of 
HIV disease decrease, confirming previous observations (6,25,26, 
reviewed in refs. 27 and 28-32). Contrary results have also been reported 
(5,33). Factors proposed leading to selenium deficiency in HIV infection 
are malabsorption and loss of selenium owing to infectious diarrhea 
and/or HIV enteropathy, protein and caloric malnutrition. In addition, 
the synthesis of selenium-binding proteins, such as albumin, selenopro- 
tein P, and GSH-Px in liver and kidney may be altered. Selenium defi- 
ciency in HIV infection, especially in active AIDS might simply reflect a 
state of malnutrition, which is frequently observed in severely ill 
patients. However, in our study, even stage II patients without obvious 
nutritional deficiencies had significantly lower selenium levels than 
asymptomatic HIV-infected individuals at stage I and healthy individu- 
als. The lowest selenium concentrations were fotmd in hospitalized AIDS 
patients, which indicates an overt marked selenium deficiency in end- 
stage HIV disease. An ongoing study of selenium in HIV disease in our 
hospital, comprising 104 patients revealed that selenium deficiency is 
dramatically exaggerated in the presence of an acute opportunistic infec- 
tion and /or AIDS-defying tumor disease as compared to stable outpa- 
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Fig. 1. Correlation of serum selenium with thymidine kinase activity 
in serum. 
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Fig. 2. Correlation of serum selenium with CD4+ cells expressed as per- 
centage of total lymphocytes. 
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Table 3 

Correlation of HIV Disease Progression Markers with the Corresponding Serum 

Selenium Concentrations 



Parameter 


n 




Dignincance^ 


CD4 cells 


57 


0.42 


p < 0.01 


CD4/CD8 ratio 


57 


0.39 


p < 0.01 


Lymphocytes 


57 


0.34 


p < 0.05 


Hematocrit 


57 


0.48 


p < 0.01 


Total Proteins 


57 


0.24 


NS 


Albumin 


57 


0.45 


p < 0.01 


P2-Microglobulin 


49 


- 0.46 


p < 0.001 


Thymidine kinase 


49 


-0.49 


p < 0.001 


Immunoglobulin A 


49 


- 0.2 


NS 



"NS = Not significant. 



tients who had recovered from previous acute opportunistic infections. 
Furthermore, in a recent study, multivariate analysis indicated that only 
serum selenium levels and CD4 count were correlated with death and 
with the prevalence of OI, whereas p24 antigen and p2 microglobulin 
levels were not predictive (34). In the present study serum selenium lev- 
els were positively correlated with CD4 count, CD4/CD8 ratio, and 
inversely with the levels of P2-nucroglobulin, thymidine kinase activity, 
IL-8, and sTNFRs I and II. Serum IL-8 levels were shown to be elevated 
in HIV-infected individuals (8). Its synthesis monocytes is stimulated by 
TNF-a. One action of IL-8 is to increase the respiratory burst in neu- 
trophil granulocytes, thus augmenting oxidative stress. Soluble TNFRs I 
and n have been recently introduced as indicators of self-destructive 
immune activation in HIV disease (22,35-37). Serum thymidine kinase 
levels have previously been used to detect disease progression in a num- 
ber of hematological malignancies but are also helpful in the follow-up 
of patients with HIV infection (20). 

In our study, patients with elevation of serum P2-microglobulin lev- 
els above a threshold concentration of 3 \ig/L were characterized by both 
loss of CD4+ cells and selenium. Thus, the coincidence of elevated serum 
thymidine kinase activity, p2-microglobulin, and iselenium depletion sug- 
gestes that a derangement of selenium homeostasis might occur sec- 
ondary to immune activation during HIV disease progression. 

Cross-sectional data, however, do not provide equivocal evidence for 
a cause-effect relationship between selenium deficiency and the progres- 
sion of HIV disease. There is, however, experimental evidence in support 
of this hypothesis. It was demonstrated that GSH-Px-deficient, HIV-virus 
expressing cells under lipid peroxide challenge are more likely to 
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undergo apoptosis than noninfected control cells, or infected but non- 
HlV-expressing cells (38), In addition, Christensen et al. (39) showed that 
selenium depletion in rats abolished GSH-Px-activity and increased the 
transcription of the NFkB gene. In another study, the addition of sele- 
nium (physiologic concentrations from 25-100 |iig/L) to the culture 
medium of HIV-infected T-cells (ACH-2-cells) prior to a prooxidant/ 
cytokine-challenge (H202/TNF-a) lead to a significant increase of GSH- 
Fx activity and concomitantly to a reduced nuclear abundance of NFkB; 
III ; this was accompanied by an increase in the number of surviving cells 



and inhibition of HIV-1 reactivation (40). 
CONCLUSION 



In the light of the recent hypothesis about a putative selenium- 
containing HIV-repressor protein (41), increased T-cell apoptosis (42,43), 
and enhanced NpKB-mediated HlV-transcription owing to oxidative 
|ij stress, inadequate selenium levels together with decreased cellular GSH 
^111; concentrations erythrocyte GSH-Px activity might be considiered to be 
potent promoters of HIV disease progression. Therefore, therapeutic 
strategies should aim at keeping a replete micronutrient and vitamin sta- 
tus (44,45) and suppressing oxidative stress in the early stages of HIV 
infection thereby reducing the proviral transcription rate. 
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Oxidative stress and plasma antioxidant micronutrients in humans 
with HIV infection^"^ 

Johane P Allard, Elaheh Aghdassi, Jenny Chau, Irving Salit, and Sharon Walmsley 



ABSTRACT Increased lipid peroxidation induced by reac- 
tive oxygen species may play a role in the stimulation of HIV 
replication. In this study we compared lipid peroxidation indexes 
and plasma antioxidant micronutrients between 49 nonsmoking 
HIV-positive patients with no active opportunistic infection (25 
asymptomatic and 24 with AIDS) and 15 age-matched seronega- 
tive control subjects. Breath-alkane output, plasma lipid perox- 
ides, antioxidant vitamins, and trace elements were measured. Vit- 
amin C (40.7 ± 3.02 compared with 75.7 ± 4.3 p-mol/L, P < 
0,005), a-tocopherol (22.52 ± 1.18 compared with 26.61 ± 2.60 
>jLmol/L, P < 0.05). P-carotene (0.23 ± 0.04 compared with 0.38 ± 
0.04 p.moI/L, P < 0.05), and selenium (0.37 ± 0.05 compared with 
0.85 ± 0.09 pimol/L, P < 0.005) concentrations were significantly 
lower in the HIV-positive patients. Lipid peroxides (50.7 ±8.2 
compared with 4.5 ± 0.8 jimol/L, P < 0.005), breath pentane (9.05 
± 1 .23 compared with 6.06 ± 0,56 pmol - kg~^ • min~ P < 0.05), 
and ethane output (28.1 ± 3.41 compared with 11.42 ± 0.55 
pmol • kg"' • min"', P < 0.05) were significantly higher in the 
HIV-positive patients. These results showed an increase in oxida- 
tive stress and a weakened antioxidant defense system in HIV-pos- 
itive patients. Whether supplementation of antioxidant vitamins 
will reduce this oxidative stress is still unknown. Am J Clin 
Nittr 1998;67:143-7. 

KEY WORDS Lipid peroxidation, breath alkane, antioxi- 
dants, HIV infection, AIDS, oxidative stress, humans 

INTRODUCTION 

HIV infection induces a wide array of immunologic alter- 
ations resulting in the progressive development of opportunistic 
infections and malignancy, which results in AIDS. Of the mech- 
anisms contributing to this progression, oxidative stress induced 
by the production of reactive oxygen species (ROS) may play a 
critical role in the stimulation of HIV replication and the devel- 
opment of immunodeficiency ( U 2). . 

Excessive production of ROS such as superoxide anion, 
hydroxy 1 radical, and hydrogen peroxide may be related to an 
increased activation of polymorphonuclear leukocytes during 
infections or influenced by the prooxidant effect of tumor necrosis 
factor a produced by activated macrophages during the course of 
HIV infection (3). ROS can attack double bonds in polyunsaturat- 
ed fatty acids, inducing lipid peroxidation (4), which may result in 
more oxidative cellular damage (5,6). Thus, measurement of lipid 



peroxidation is a means of determining oxidative stress. Such 
damage may be prevented or moderated by a normal antioxidant 
defense system that scavenges the ROS. This antioxidant system 
depends first on the integrity of an enzymatic system that requires 
adequate intake of trace minerals such as selenium, copper, zinc, 
and manganese, and second on adequate concentrations of vitamin 
E, A, and C and P-carotene in the cytoplasm and lipid membrane 
of the cells. Previous studies showed that humans infected with 
HIV may have deficiencies in some of these trace minerals and 
vitamins, such as selenium (7) and vitamin A (8). 

The purpose of the present study was to measure the plasma 
concentrations of various antioxidants (vitamins A, C, and E and 
p-carotene; other carotenoids; selenium; and zinc) and some 
lipid peroxidation indexes in an HIV-positive population, either 
asymptomatic or with AIDS, and to compare these results with 
those in age-matched seronegative control subjects. 

SUBJECTS AND METHODS 
Subjects 

Forty- nine HIV-positive patients 125 asymptomatic: Centers for 
Disea,se Control and Prevention (CDC) class AI or A2; and 24 with 
AIDS: CDC class A3, B3, and C31 with a mean age of 39 y (range: 
25-64 y) were recruited from the Immunodeficiency Clinic at The 
Toronto Hospital, All subjects underwent an initial screening that 
included a detailed history (medical, smoking, diet, and alcohol and 
supplemental vitamin intakes) and anthropometric (weight and 
height) and biochemical (complete blood count, glucose, creatinine, 
urea, and liver enzymes) measurements. Patients were eligible if 
they had no acute opportunistic infection. Exclusion criteria were as 
follows: smoking, initiation of antioxidant vitamin therapy before 
the study, hyperiipidemia, diabetes, kidney or liver dysfunction, 
intractable diarrhea (more than six liquid stools per day), vomiting, 
or evidence of gastrointestinal bleeding. Subjects were then placed 
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on a controlled diet that provided a polyunsaturated to saturated 
fatty acid ratio of 0.3:1 for 2 wk before measurements were taken. 
Informed consent was obtained from all participants and the study 
protocol was approved by the Toronto Hospital Committee for 
Research on Human Subjects. 

Plasma samples 

Two weeks after the screening period, biochemical measure- 
ments and breath collection were performed. Blood was drawn 
from subjects for analysis of plasma carotenes, plasma a- and 7- 
tocopherol, vitamin C, lipid peroxides « selenium, and zinc. 

Blood was collected into EDTA-containing tubes for the 
determination of carotenes, tocopherols, vitamin C, and lipid 
peroxides. Blood was collected into trace element-free tubes for 
analysis of zinc and selenium. The samples were put on ice and 
centrifuged promptly at 2400 rpm for 10 min at 4*'C. The plas- 
ma was removed and frozen until analyzed. Piasma for vimmin 
C assays was istabilized immediately with 100 g HPO3/L (2.0 mL 
plasma plus 2.0 mL HPO3). 

Analyses and measurements 

Breath-alkane output 

Breath analysis was performed as described previously (9). 
Briefly, subjects were first required to breathe hydrocarbon- free 
air for 4 min to wash contaminating hydrocarbons from their 
lungs. Subsequently, expired air was collected for 2 min and ana- 
lyzed by gas chromatography (Shimadzu 6-AM GC; Shimadzu 
Seisgkusho Ltd, Kyoto, Japan). Fifty milliliters of air was passed 
through a stainless steel loop packed with alumina and cooled to 
-95 °C to adsorb the injected sample. The loop was then healed 
to desorb the gas thermally. Pentane and ethane were analyzed 
on a Porasil D column (Chromatographic Specialties Inc, 
Brockville, Canada) by using a calibration curve derived from 
known concentrations of the gases. Concentrations of breath 
pentane and ethane were expressed in pmol • kg ' * min " 



Lipid peroxide measurements 

Plasma lipid peroxides were measured with u kit from Kamiya 
Biochemicals LPO (Thousand Oaks. CA). In this procedure, 
hemoglobin catalyzes the reaction of hydroperoxides with a 
methylene blue derivative, forming an equimolar concentration 
of methylene blue. Lipid peroxides are quantitated by calorime- 
try at 675 nm, and rnethylene blue formation is measured. 



Vitamin and trace element measurements 

Retinol and other carotenoids. including ^-carotene, were 
analyzed by HPLC according to the method of Sapuntzakis el al 
(10). In this method, a reversed-phase C,r column was used with 
an isocratic solvent system (meihanol;acelonilrile:tetrahydrofu- 
ran. 50:45:5, by vol) after hexane extraction with 200 \lL serum, 
a- and 7-Tocopherol were analyzed with isocratic reversed- 
phase HPLC and fluorescence spectrophotometry at 294 nm 
according to the method of Nata et al ( 1 1). 

Samples were analyzed for vitamin C by spectrophotometry 
(12). In this method, total biologically active vitamin C concen- 
trations were determined spectrophotometrically at 521 nm with 
2,4-dinilrophenylhydrazine as the chromogen. 



Plasma zinc was analyzed by atomic-absorption spectrophotom- 
etry (Varian Techtroh model 1200; Varian Associates, Canada Ltd, 
Malton, Canada) with the method described by Wolman et al (13). 
Plasma selenium was measured by atomic-absorption spectropho- 
tometry at 196 nm (14). In this method, nickel salt was added as a 
matrix modifier to prevent volatilization of selenium during ashing. 

Statistical analyses 

All group data are e^tpressed as means ± SEMs. The HIV-pos- 
itive group was compared with the seronegative control subjects 
by using unpaired / tests. The minimal level of significance was 
identified at P < 0.05. 



RESULTS 

The HIV-positive asymptomatic patients (24 men and I woman) 
had a CD4 cell count >200 X lOVL and the AIDS patients (23 men 
and I woman) had a cell count <2(X)X I07L. Most patients were 
receiving anti retroviral treatment (zidovudine, lamivudine. and . 
saquinavir). Self-reported infection routes were as follows: homo- 
sexual behavior (>90%), blood transfusions, intravenous drug use. 
and heterosexual behavior. The control group was composed of 15 
(10 men and 5 women) healthy, seronegative nonsmokers with a 
mean age of 35 y (range: 21-60 y) recruited from the local popu- 
lation, primarily hospital staff and workers from the loc u area. 
Control subjects had no acute or chronic illness and were not tak- 
ing any medications or nutritional supplements. 

There were insignificant differences in age (39 ± 2 y com- 
pared with 35 ± 4 y), weight (72.1 ± 2.4 kg compared with 71 .3 
± 2.0 kg), and body mass index (in kg/m-) (23 ± I compared with 
24 ± I ) between the HIV-positive patients and control subjects, 
respectively. HIV-positive patients had significantly lower 
antioxidant vitamin concentrations (vitamin C, a-tocopherol, 
and p-caroiene) than control subjects (Table 1). Other 
carotenoids, such as lycopene, P-cryptoxanthin, and lutein/zeax- 
anihin were also significantly lower in the plasma of the HIV- 
positive group than in the control subjects (Table 2). 

Lipid peroxidation determined from breath-alkane output and 
plasma lipid peroxide concentrations were significantly higher in 
the HIV-positive group than in control subjects (Table 3). There 
were no significant differences in lipid peroxidation or plasma 
antioxidant vitamins betweeii HIV-positive asymptomatic sub- 
jects and those with AIDS (data not shown). 



TABLE J 

Plasma untioxidani vitamins in HIV- positive subjects and seronegative 
control suhjects' 



HIV-positive p^itients 
t/i = 49» 



Control subjects 
(n = 15) 



«-TiKopherol (jimol.Lj 22.T>2 ± I IS 26.61 ± 2.6* 

7-Tocopherol (jiinol/H 2.69 ± 0.21 7.65 ± 0,80* 

Vitamin C tumol.Lt 40.7 ± 3.02 75.7 ± 4..V 

P-Caroiene (^niol'L) 0.2.^ ± 0.04 0..18 ± 0.04- 

Retinol (jimol/L) 2.0.^ ±0.09 2.11 ±0.12 

Zinc (|inioi/L) 15.4.^ ±0.92 14.53 ± |^S3 

Selenium (jimoi/H 0.37 ± 0X)5 0.85 ± 0,09' 

^v±SEM. 

- 'SigniOcamly dit'lercni from HIV-positive patients: -P < 0.05. *P < 
0.005. 
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TABL£ 2 

Other plasma carotenoids in HIV-positive subjects and in seronegative 
controls subjects' 



HIV-positive patients 
(n=49) 



Control subjects 
(n=l5) 



a-Carotene (M-mcl/L) 0.061 ± 0.009 O.I 15 ± 0.035 

Lutein ± zeaxanthin (p-mol/L) 0.1 9 ± 0.02 0.35 ± 0.03* 

P-Cryptoxanthin (jimol/L) 0.09 ± 0.01 0.16 ± 0.03^ 

Lycopene (jimol/L) 0.32 ±0.04 0.64 ±0.07* 

± SEM. 

--'Significantly different from HIV-positive patients: 'P< 0.005. ^P< 
0.05. 



DISCUSSION 

The results of this study showed that in this group of HIV-positive 
subjects, oxidative stress was significantly higher than in seronega- 
tive control subjects as determined from breath-atkane output and 
plasma lipid peroxide concentrations. There were no significant dif- 
ferences in lipid peroxidation between asymptomatic patients and 
those with AIDS. The increase in lipid peroxidation was also associ- 
ated with lower plasma concentrations of antioxidant micronutrients 
such as vitamin C, a-tocopherol, p-carotene, and selenium. 

Breath-alkane output was also studied by our group in previ- 
ous studies (IS, 16). Breath pentane and ethane evolve from the 
peroxidation of n-6 and n-3 fatty acids, respectively. These 
volatile hydrocarbon gases are produced by the P-scission of 
polyunsaturated fatty acids and are passed from the lungs into 
the expired air (9). In human studies, measurement of these alka- 
nes in the breath is noninvasive and has been used and validated 
as a measure of lipid peroxidation (9, 17, 18). Intake of n— 3 and 
n-6 fatty acids can influence the composition of the alkane pro- 
duced (pentane and ethane) (19). For this reason, the subjects 
were given instructions about their dietary fat intake 2 wk before 
the measurements. Smoking (20), liver disease (21), and alcohol 
consumption (22) can also affect breath-alkane output. The sub- 
jects were screened before being enrolled and excluded if these 
confounders were present. 

The finding of increased lipid peroxidation by this method is 
consistent with the fmding of other studies that showed oxidative 
stress in HIV-positive patients (23-26) as evidenced by plasma 
lipid peroxide and malondialdehyde concentrations. Increased 
breath-pentane output was also reported in a small number of 
HIV-positive patients (25). Another index of lipid peroxidation, 
malondialdehyde concentrations, was also significantly higher in 
26 asymptomatic HIV-positive patients (stage II) than in 
seronegative control subjects, and even higher in patients with 
AIDS (24). However, in our study we did not detected significant 



difference between asymptomatic HIV-positive patients and 
those with AIDS. 

The mechanisms underlying the increased oxidative stress in 
the HIV population remain unclear. In addition to an excessive 
production of ROS, which may be explained by polymorphonu- 
clear leukocyte activation during infectious c nditions or by a 
prooxidant effect of tumor necrosis factor a produced by acti- 
vated macrophages (3), a weakened antioxidant defense system 
may play a role. To our knowledge, our study is the first to doc- 
ument significantly higher oxidative stress and lower concentra- 
tions of major plasma antioxidants (ascorbic acid, a-tocopherol, 
3-carotene, and selenium) in the same HIV-positive subjects 
than in seronegative control subjects. 

Another study by Constans et al (27) also showed that HIV- 
positive patients had significantly lower plasma vitamin A and 
selenium concentrations than control subjects and showed that 
alterations in these antioxidants were correlated with a decrease 
in polyunsaturated fatty acids, a target of free radicals. Another 
study (28) reported significantly higher superoxide dismutase 
and . glutathione peroxidase activities in HIV-positive patients 
than in uninfected control subjects. There was no significant 
effect of selenium or p-carotene supplementation on superoxide 
dismutase activity compared with baseline but glutathione per- 
oxidase activity and glutathione status increased. Because it is 
known that glutathione peroxidase plays a central role in the 
metabolism of ROS, this study suggests that antioxidant supple- 
ments may have an effect on oxidative stress in HIV-positive 
patients. This could be of great interest because deficiencies in 
antioxidant vitamins and trace minerals are common in HIV 
infection, especially in advanced stages of the disease (29-33). 
In fact, in HIV-positive patients plasma and red blood cell sele- 
nium concentrations (29) and glutathione concentrations were 
found to be low (30, 31). Deficiencies in antioxidant vitamins 
were also reported for vitamins E (32) and C (33). 

This antioxidant deficiency in HIV-positive populations is 
probably due to increased utilization of antioxidant micronutri- 
ents because of increased oxidative stress rather than to inade- 
quate dietary intake (34) or malabsorption (35); However, 
although most of the HIV-positive individuals in the study by 
Baum et al (36) generally consumed dietary amounts that were 
equal to or greater than the recomniended dietary allowance 
(RDA) (eg, for vitamins B-6, B-12, and A), other micronutrients 
such as vitamin E and zinc generally were consumed in amounts 
less than the RDA. Another study also showed that reported 
intakes of various micronutrients from food exceed 100% of the 
RDA. except for energy, zinc, thiamine, and vitamin E (37). Our 
own preliminary data from 3-d food records collected from the 
population studied indicated that dietary macro- and micronutri- 
ent intakes were equivalent to the RDA at the time of the study 



TABLE 3 

Lipid peroxidation indexes in HIV-positive subjects and seronegative control subjects' 



HIV-positive patients 
(ft = 49) 



Breath-pentane output (pmol • kg " ' - min " ' ) 
Breath-ethane output (pmol • kg ' ' • min ~ ' ) 
Plasma lipid peroxide (M.mot/L) 

'.T±SEM. 

*-* Significantly different from HIV-positive patients: - P < O.O.S. *P < 0,005. 



9.05 ± 1 .23 
28.1 ±3.41 
50.7 ± 8.2 



Control subjects 
(n= 15) 

6.06 ±0:56' 
H .42 ± 0^5- 
4.5 ± 0.8* 
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(data not shown). Because our HIV population had a normal 
nutritional status, on the basis of body mass index, we speculate 
that malabsorption was not significant. Thus, it is possible that 
the reduced plasma antioxidant concentrations observed in our 
population were due to an increased consumption of these 
micronutrients secondary to chronic oxidative stress from infec- 
tion. A weakened antioxidant defense system, in turn, could lead 
to further enhancement in lipid peroxidation. 

This increase in oxidative stress documented in our HIV-pos- 
itive population may have some clinical significance because 
there is experimental evidence implicating oxidative stress in the 
stimulation of HIV replication. In vitro experiments (2) have 
shown that ROS such as hydrogen peroxide can specifically acti- 
vate the nuclear factor kB to induce the expression and replica- 
tion of HIV- 1 in a human T cell line, and addition of antioxidant 
vitamins blocked activation of nuclear factor kB and inhibited 
HIV replication (38-40). Although observational studies suggest 
that an increased intake of some antioxidants may delay pro- 
gression to AIDS (37, 41). eg,>750 mg vitamin C/d,> 130 mg 
vitamin E/d, and >7243 RE (retinol equivalents) carotenoids/d 
(37), no clinical trials have investigated the effect of antioxidant 
supplementation on oxidative stress and viral load. 

In conclusion, this study showed that lipid peroxidation, mea- 
sured by breath-alkane output and lipid peroxide concentrations, 
was significantly higher in HIV-positive patients than in 
seronegative control subjects, and plasma concentrations of var- 
ious antioxidant vitamins and selenium were significantly lower. 
These results along with the findings reported in the literature 
suggest that a weakened antioxidant defense system may play a 
significant role in the increased oxidative stress found in this 
population, whether due to increased consumption or reduced 
intakes of antioxidant micronutrients. However, it remains to be 
determined whether antioxidant supplementation will have any 
effect, not only on oxidative stress but also on viral replication 
and disease progression. B 
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Abstract To determine the therapeutic effect of sulfur 
amino acid supplementation in HIV infection we ran- 
domized 40 patients with antiretroviral therapy (ART; 
study 1) and 29 patients without ART (study 2) to treat- 
ment for 7 months with A^-acetyl-cysteine or placebo at 
an individually adjusted dose according to a defined 
scheme. The main outcome measiwes were the change in 
immxmological parameters including natural killer (NK) 
cell and T cell functions and the viral load. Both studies 
showed consistently that N-acetyl-cysteine causes a 
marked increase in immunological functions and plasma 
albumin concentrations. The effect of A^-acetyl-cysteine 
on the viral load, in contrast, was not consistent and may 
warrant further studies. Our findings suggest that the im- 
pairment of immunological functions in HIV"^ patients 
results at least partly from cysteine deficiency. Because 
immune reconstitution is a widely accepted aim of HIV 
treatment, A^-acetyl-cysteine treatment may be recom- 
mended for patients with and without ART. Our previous 
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report on the massive loss of sulfur in HIV-infected sub- 
jects and the present demonstration of the immimorecon- 
stituting effect of cysteine supplementation indicate that 
the HIV-induced cysteine depletion is a novel mecha- 
nism by which a virus destroys the immune defense of 
the host and escapes immune elimmation. 

Key words HEV infection • Viral load • Immune 
reconstitution in HIV infection • NK cell activity • 
iV-Acetyl-cysteine 
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Abbreviations ART: Antiretroviral therapy • 

GSH: Glutathione • HAART: Highly active antiretroviral 

therapy including a protease inhibitor • HIV: Human 

immunodeficiency virus • IL-6: Interleukin-6 • 

NAC: TV- Acetyl-cysteine • NK: Natural killer • 

PE: Point estimate of shift 



introduction 

Previous studies on macaques infected with simian im- 
munodeficiency virus have revealed markedly increased 
intracellular sulfate and decreased glutathione (GSH) lev- 
els in the skeletal muscle tissue, suggesting that this retro- 
viral infection causes an increase in the muscular cysteine 
catabolism at the expense of the cysteine and GSH pools 
[1]. In line with this notion, we and others [2, 3, 4, 5, 6, 
7] have shown that patients infected with human immu- 
nodeficiency virus (HIV) have abnormally low plasma 
cystine concentrations and low GSH levels, although 
some authors have not observed decreased GSH levels in 
peripheral blood cells [8, 9]. A more recent study re- 
vealed that the peripheral tissue of HIV+ patients with or 
without highly active antiretroviral therapy (HAART) re- 
leases large amounts of sulfate that woiild accoimt for a 
loss of approximately 5 g cysteine per day if extrapolated 
to a person of approximately 70 kg body weight [10]. A 
complementary investigation on 64 asymptomatic fflV+ 
patients and 65 HIV" subjects revealed increased plasma 
sulfate levels in the HIV"^ patients. 

The analysis of the daily urinary excretion of sulfate 
and urea of HIV+ patients and healthy HIV" subjects con- 
firmed (a) that HIV"*" patients experience a massive loss of 
sulfur, and (b) that this loss is not ameliorated by 
(HA)ART. The net loss of sulfur in asymptomatic pa- 
tients was equivalent to a net loss of about 7 g cysteine 
per day [10]. If extrapolated, this would correspond to an 
alarming negative balance of approximately 2 kg cysteine 
per year imder the assimiption that the normal sulfate ex- 
cretion equivalent to approximately 3 g per day is bal- 
anced by a standard Western diet. The abnormally high 
sulfate/urea ratio suggested that this process drains large- 
ly the GSH pool [10]. To ameliorate the immunological 
consequences of the virus-induced cysteine and GSH de- 
ficiency in HIV infection we have previously proposed 
treatment with A^-acetyl-cysteine (NAC) [11, 12, 13]. In 
the meantime, several clinical studies on the effects of 
NAC have been performed [14, 15, 16, 17, 18, 19]. These 
results of these studies have in general been promising, 
but they are controversial because the doses of NAC were 
relatively low, or the observation period was relatively 
short [15, 16, 17, 18, 19]. One investigation [14] with rel- 
atively high doses suggested that NAC improves the 2- 
year survival rate, but this investigation was not random- 
ized, and the doses were chosen arbitrarily and may have 
been too high for some patients, for reasons discussed be- 
low. A placebo-controlled randomized study on the ef- 
fects of NAC on inmiunological functions and virus load 
has not been described previously. 



Our two randomized studies on HIV"'' patients with 
and without ART involved 7 months of treatment with 
individually adjusted doses of NAC. Outcome measures 
included NK cell activity and several proliferative T cell 
responses. These inmiunological functions are decreased 
relatively early in HIV infection [20, 21, 22, 23, 24]. 
Several reports suggest that NK cells play a protective 
role m HIV infection [25, 26, 27, 28]. Additional out- 
come measiu"es were viral load, CD4''", CDS"*" and 
CD16+/CD56''" cell numbers, body cell mass, plasma al- 
biraiin, interleukin-6 (IL-6), thioredoxin and glutamine 
levels. Plasma glutamine is decreased relatively early in 
HIV infection [29], and a decreasie in the extracellular 
glutamine level impairs lymphocyte functions [30, 31, 
32, 33]. 



Patients and methods 

Double-blind randomized clinical trial on the effect of NAC 
in combination with antiviral therapy (study 1) 

Clinically asymptomatic HIV+ patients (CDC I, 1993, age over 
18 years) with 200-500 CD4+ cells/mm^ were eligible as deter- 
mined less than 2 months before recruitment. Exclusion criteria 
were endocrinological diseases, liver cirrhosis, serum creatinine 
higher than 1.5 mg/dl, cardiorespiratory insufficiency, alcohol or 
drug abuse. Female patients had to use contraception throughout 
the study. At study entry the clinical laboratory data were in the 
normal range. All patients had been under constant ART for at 
least 6 months before and throughout the study (Table 1 ). The trial 
profile is shown in Fig. 1. Block randomization (individual) was 
performed by the Biostatistics Unit of the German Cancer Re- 
search Center (L.E.). The code was known only to L.E. After gen- 
eration of the assignment by L.E., the patients were recruited, and 
the blinded assignment was executed by R.B. at the clinical cen- 
ters in Mannheim. The code for the assignment to one or another 
group was broken after completion of the last measurement. The 
code for the assignment to verum vs. placebo was broken after 
completion of the statistical analysis. The study was approved by 
the ethics committee of the Medical Faculty of the University of 
Heidelberg/Mannheim and was conducted according to the guide- 
lines of good clinical and laboratory practice and the principles of 
the Declaration of Helsinki. 

The patients were examined before the start of therapy within 
3 days after informed consent and 4 weeks, 4 months, and 
7 months later. NAC (600 mg tablets or placebo with same taste) 
was administered every second day during this period. Empty blis- 
ters were retumed by the patients to the physicians to confirm 
compliance. The initial daily dose was 3.6,* 2.4, 1.2, and 0.6 g for 
patients with plasma glutamine levels lower than 450, 450-500, 
500-600, and higher tfian 600 jiM, respectively. After the subse- 
quent examinations the dose was either increased by 2.4, 1.8, 1.2, 
not changed, decreased to half of the previous dose, or decreased 
to 0.6 g/day if the patients had plasma glutamine levels lower than 
450, 450-500, 500-600, 600-700, 700-800, or 800-900 ^M, re- 
spectively. 



Double-blind randomized clinical trial on the effect of NAC 
without antiviral therapy (study 2) 

Eligible were clinically asymptomatic ART-naive HIV+ patients 
(CDC I, 1993) with more than 200 CD4+ cells/mm^ as deter- 
mined less than 2 months before recruitment. For other details see 
study 1. 
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Fig. 1 Trial profiles of studies 
1 and 2 



Study 1:HIV^ With ART 



Study 2: HIV^ without ART 



3 patients < 200 COA* 
at trial start ( 3 placelw) 



40 HIV*- patients 
with ART randomized 



29 Hnr- patients 
without ART randomized 



37 patients eligible 
CD4* : 200-500 c«IIs/mI 



1 



29 patients eligible 
CD4* : >200 cells/ill 



16 Placebo group 



Exclusions 

1 progression to AIDS^. 
1 change in ART 



21 NAC group 



16 Placebo group 



Exclusions 

2 non compliance 

1 heart bum 







14 treated for 28 weeks 




18 treated for 28 weeks 






+ 


14 completed study 
and analysed 




18 completed study 
and analysed 



13 NAC group 



16 treated for 28 weeks 



Exclusions 
1 Sulclds 
1IVDU 



11 treated for 28 weeks 



16 completed study 



Exclusions 

5 Initiation of ART 

during trial period 



— ») 1 non-compliance 



10 completed study 



11 analysed 



1 ( 



Exclusions 
Itnltiattonof ART 
during trial period 



9 analysed 



Sample size 

The two studies were originally planned as a single study with two 
strata defined by different inclusion criteria. A sample size of n~30 
per treatment group was calculated with the aim to detect a signifi- 
cant difference in the treatment group of the combined strata at the 
significance level of 5% by a one-tailed paired t test with a power 
of 80%. In the absence of information about the range and variabil- 
ity of the viral load and immunological parameters in patients with 
and without NAC treatment, we determined that sample size on the 
basis of plasma cystine levels such that an increase in the cystine 
level by 10.0 ^M after two cycles with a standard deviation of 
15 ^iM was detectable, A drop-out rate of 10-20% was assimied. In 
order to adjust for multiple endpoints of the plasma cystine level 
and other variables a maximum of 14 comparisons was considered, 
and the error per experiment was set to 0.05/15=0.0035 to achieve 
a multiple significance level of 0.05. The same sample size of «=30 
was planned for the placebo control. 



Physical, biochemical, and functional tests 

Plasma amino acids were determined as described [3, 4, 5, 29] us- 
ing postabsorptive blood samples fi*om the cubital vein. The intra- 
assay and inter-assay variation (lOOxSD/mean, n=20) of the gluta- 
mine assay was 0.83% and 2.80%, respectively. The HIV RNA 
levels were determined by the HIV-1 QT Nuclisens-test kit (Orga- 
non Teknika) [34, 35] and cell types by three-color staining with 
CD3, CD4, CDS, CD14, CD16, CD19, CD45, and CD56 antibod- 
ies (Becton Dickinson/Simultest) on a FACScan. The proliferative 
responses against phytohemagglutinin and immobilized CD3 plus 
CD28 antibodies were determined as described [24] with minor 
modifications. Specifically, peripheral blood lymphocytes were in- 
cubated for 3 days without and another 18 h with [3H]thymidine 
prior to harvesting. The response against tetanus toxin (Behring, 
Marburg, Germany) was determined as described [22] with an in- 
cubation period of 7 days plus 1 8 h. The NK cell activity was de- 
termined as described [21]. For comparison and validation of the 
assays, all patient samples were run in parallel to at least one heal- 
thy donor sample on the same day (see following section). Plasma 
thioredoxin and albumin levels were determined as described [36, 
37], and IL-6 was assayed by the IL-6 EASIA test kit (Biosource, 
Ratingen, Germany) [38]. 



HIV" control group 

NK cell activities, cell types, proliferative activities, plasma amino 
acids, and albumin levels were determined during the trials also in 
87, 56, 74, 107, and 42 HIV- control subjects, respectively (see 
Fig. 2). 



Statistical analysis 

With the exception of Table 2, our analysis was carried out "per 
protocol" (i.e., by "as treated analysis") to most closely reflect the 
scientific model underlying the protocol. The baseline data of the 
drop-outs (Table 1) suggest no bias of this procedure compared 
with an "intent-to-treat analysis." The statistical analysis was per- 
formed under blinded conditions. The relative changes in outcome 
parameters of the two different treatment groups were compared 
by the Wilcoxon rank-sum test (Figs. 4, 5), and individual changes 
between baseline and terminal examinations in each treatment 
group were analyzed by the Wilcoxon sign-rank test (Fig. 3). 
P values <0.05 were regarded as statistically significant. Hodges- 
Lehmann point estimate shifts (PE) with exact 95% confidence in- 
tervals, arithmetic or geometric means, and standard errors of the 
mean together with graphic box plots were used as descriptive sta- 
tistics. The "intent-to-treat analysis" of the main parameters is 
shown in Table 2. 



Results 

Baseline data from studies 1 and 2 and control data 
from HIV" subjects 

The baseline data of the two studies were comparable in 
the respective treatment groups before the start of the tri- 
al (Table 1). The NK cell activity, stimulation indices, 
plasma glutamine, and albumin levels from all groups of 
HIV"^ patients were abnormally low in comparison with 
HIV- subjects regardless of whether the patients had 
been treated with or without ART or with highly active 
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Table 1 Baseline characteristics of studies 1 and 2 {SI stimulation index) 





Study 1 




Study 2 






NAC group 


Placebo group 


NAC group 


Placebo group 




(n=21) 


(rt=16) 


(1=13) 


(/i=16) 


Males/females 


11/10 


10/6 


8/5 


8/8 


Monotherapy with Nucleoside analogs (ti) 


2 (ddl/AZT) 


1 (ddl) 


0 


0 


Two nucleoside analogs (n) 


12 


10 


0 


0 


HAART (n) 


7 


5 


0 


0 


Mean age (years) 


39.7±2.4 


40.1±2.6 


32.6±2.3 


39.2±2.9 


CD4^ cells (mni-3) 


367±32 


366±37 


503±70 


491 ±56 


Virus load (log copies/ml) 


4.1±3.62 


3.6±3.2 


4.7±4.51 


4.4±3.9 


NK (lytic units per lO'' cells) 


31.6±9.7 


58.8±15.6 


43.9±1L5 


46.6±9.9 


NK (lytic units per CD3-/CD16+/CD56-^ cell) 


0.22±0.06 


0.43±0.13 


0.33±0.13 


0.54±0.20 


SI aCD3/CD28 


364±73* 


1045±296* 


785±164 


568±107 


SI phytohemagglutinin 


746±137 


909±264 


779±163 


996±138 


SI tetanus toxin 


25±14 


41±18 


40±30 


35±13 


Plasma albimiin (nM) 


637.7±13.7 


650±13.1 


573.4±33,9 


584.4±25.9 


Plasma IL-6 (ng/ml) 


44.4±5.9 


31.0±5.3 


54.1±4.2 


64.6±7.0 


Plasma glutamine (pM) 


568.9±18.6 


577.1±16.9 


585.5±32.2 


570.6±24.0 


Plasma arginine QiM) 


47.3±3.9 


56.1±6.8 


59.7±5.8 


60.3±4.5 


Plasma cystine (fiM) 


42.0±2.1 


41.2±2.9 


38.6±2.3 


45.7±2.5 



♦7M).03 for the difference between the corresponding NAC and placebo groups 



NK cell activity (L.U.) ^^g^ S.I. aCD3/CD28 



Albumin (pM) 




400 

HIV*' with Protease Inhibitors 



' p<0.05, ** p<0.01. ***p<0.001, HS= not slgnlfJcant. In comparison to HIV' 



Fig. 2 Baseline characteristics of HI V"^ persons with and without 
ART and data from HIV- subjects. The four columns represent the 
HIV- control group (see text), ART-naive HIV"^ persons (baseline 
data of study 2), patients with ART (baseline data of study 1) and 
patients from study 1 treated with HAART (i.e., a protease inhibi- 
tor plus one or two nucleoside analogs; rt=12). Box plot describe 
the first (25%) and third (75%) quartile of the distribution, the 
arithmetic mean (strong line) and tiie median (thin line). The NK 
cell activity is expressed as lytic units per 10"^ peripheral blood 
mononuclear cells (upper left panel) or as lytic units per 
CD16+/CD56+ cell 



antiretroviral therapy (HAART) involving at least one 
protease inhibitor (Fig. 2). 



NAC treatment with individually adjusted doses 

The plasma glutamine level was used as a guideline 
against NAC overdosing because an excessive cysteine 
catabolism in the liver is associated with the production of 



protons and may inhibit urea production in favor of gluta- 
mine production eventually to the point that the glutamine 
forming capacity is exceeded, and toxic ammonia accu- 
mulates [39]. In pilot investigations on several NAC-treat- 
ed HIV"^ patients we occasionally observed abnormally 
high plasma glutamine levels (>900 ^M) and cystine lev- 
els (>150 \}M: W.D., unpublished observations). As a rule, 
the plasma glutamine level was found to increase or de- 
crease whenever the dose of NAC was increased or de- 
creased, respectively, as shown by the example in Fig. 3 A. 
We therefore did not give a constant dose of NAC to all 
patients, but decreased the dose of NAC whenever the 
plasma glutamine level exceeded 700 (see protocol). 
The mean dose of NAC that was administered according 
to the defined protocol every second day during the three 
intervals of the observation periods is shown in Fig. 3B 
and C and was about 3 g NAC at the end of the trials. 



The effects of NAC in combination with or without 

ART: Reconstitution of immunological 

and biochemical parameters and effect on viral load 

NAC caused a strong consistently increase in all immu- 
nological test parameters in both studies (Fig. 4, NK cell 
activity in study 1: PE 732.8, 95% CI 212-2128; study 2: 
PE 363.1, 95% CI 64-2185; for units see legend to 
Fig. 4). The analysis on the basis of "intent-to-treat" re- 
vealed in the case of study 1 identical results and in the 
case of study 2 similar results. Table 2 shows the "intent- 
to-treat" analysis of the most relevant parameters. The NK 
cell activity of NAC treated patients increased to almost 
normal levels (Fig. 3). The changes in CD4"*" (Table 2) and 
CDS'*" cell numbers and plasma thioredoxin levels (not 
shown), in contrast, did not differ significantly between 
the treatment groups in the two studies. 
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Fig. 3A-C Longitudinal changes in HIV-infected individuals dur- 
ing a NAC treatment A Pilot investigation. A 50-year-old male 
HIV-infected healthcare worker with a CD4"^ cell count of 
175/mm3 and without clinical symptoms started to take NAC 
(0.6 g/day) in 1991. As a rule, the patient received the minimum 
dose of NAC to maintain plasma glutamine at a level higher than 
600 |iM (i.e., the mean of healthy subjects). From 15 December 
1995 the patient also received ART. At the time of submission of 
this report, the patient is still symptom-free. B Study 1. Left the 
means of the doses of NAC or placebo that were administered ev- 
ery second day according to the treatment scheme. The NK cell 
activity is given as lytic units per CD3~/CD16VCD56^ cell. Error 
bars SEM; shaded area mean ±SEM of HIV" persons (see de- 
scription of HIV- control group in text). P values refer to differ- 
ences between terminal and baseline examination. C Study 2, For 
details see B 



The placebo group of study 1, i.e., patients who re- 
ceived stable ART for more than 6 months before plus 
7 months throughout the study showed on average a sig- 
nificant increase in viral load during the observation pe- 
riod (P=0.01 for the longitudinal change within the 
group) indicative of ART failure (Fig. 5, Table 2). This 
increase was not seen in the NAC-treated group (PE 
152.0, 95% CI -22.7 to -432.1, P=0.014 for the compar- 
ison between treatment groups). However, in view of the 
differences between the mean virus loads of the NAC 
group and the placebo group at baseline examination, the 
differential increase in virus load may be explained by 
the higher baseline level in the NAC-treated group rather 
than by the effect of NAC (Table 2). Also, there was no 
significant effect of NAC on the virus load in study 2. 

Finally, NAC increased the mean plasma glutamine 
level (PE 16.0, 95% CI 6.0-26.0, P<0.01, data not 
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Fig. 4 Effect of NAC on the relative changes in NK cell activity 
and T cell stimulation indices. Median and box plots of the rela- 
tive changes in NK cell activity per 10'^ peripheral blood mononu- 
clear cells, NK cell activity per CD3-/CD16VCD56+ cell, and the 
relative changes in the stimulation indices in response to inunobi- 
lized CD3 plus CD28 antibodies, phytohemaglutinin {PHA) and 
tetanus toxin {TET) from single individuals at the last examination 
(i.e., after 7 months of therapy) expressed as percentage of the 
corresponding individual baseline values. P values are given for 
the difference between the NAC and placebo group. Dashed line 
no change (100%). The effects of NAC were not detectable after 
4 weeks but were already visible after 4 months of therapy (not 
shown) 



shown) and reversed the decrease in plasma albumin (PE 
14.3, 95% CI 9.15-19.43) and the increase in IL-6 (PE 
-38.7, 95% CI -21.8 to -56.3) in the ART-treated pa- 
tients (Fig. 5, study 1). These effects were not statistical- 
ly significant in study 2, but the increase in plasma albu- 
min and decrease in IL-6 were significant (P<0.001 and 
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Table 2 Treatment effects in the two trials by Intent to treat analysis (SI stimulation index) 





Study 1 








Study 2 










NAC • 




Placebo 




NAC 




Placebo 






Baseline 


Terminal 


Baseline 


Terminal 


Baseline 


Terminal 


Baseline 


Terminal 


NK (Lytic units per 

CD3-/16V56+celI) 
SI PHA 
SI TET 
\^rus load 
CD4+ cells (mm-3) 


0.22±0.06 

747±137 
25±14 
4.10±3.62 
367±32 


1.34±0.34 

1906±355 
150±128 

4.08±3.55 
432±53 


a45±0.15 

967±292 
43±21 
2,28±0.51 
365±39 


0.37±0.26 

759±131 
37±23 
3.53±0.19 
421±39 


0.33±0.13 

779±164 
40±31 
4.17±0.24 
503±71 


1.33±0.56 

1267±301 
190±139 

3.74±0.24 . 
513±77 


0.52±0.19 

I022±132 
46±17 
3.82±0.22 
476±55 


0.47±0.11 

906±221 
31±15 
3.40±0.25 
437±42 
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Fig. 5 Effect of NAC on the relative changes in virus load, plas- 
ma albumin, and plasma IL-6 levels. Median and box plots of the 
measurements. For other details see legend to Fig. 4 



P<0.05, respectively), when both studies were taken to- 
gether. 

There were no adverse events except for two NAC- 
treated subjects with heart bum in study 1. In one case 
this disappeared spontaneously. The other patient had to 
be excluded from the study. 



Discussion 

Because immune reconstitution is a major goal of HIV 
therapy, the consistent improvement in several immuno- 
logical functions in our two randomized studies on NAC 
strongly suggests that HIV-infected patients with or 
without ART or HAART should receive NAC treatment. 
There is an increasing awareness that current antiretrovi- 
ral drugs can decrease HIV replication and virus load 
considerably but fail to abolish virus replication com- 
pletely [40, 41]. A proportion of patients show an in- 
crease in HIV RNA levels in spite of ART, i.e., a condi- 
tion that is commonly interpreted as ART failure [40] 
(see also study 1). The significant beneficial effects of 
NAC even in the group of patients who abready received 
(HA)ART were in line with a recent study on the daily 
urinary sulfate excretion which revealed (a) that HIV+ 
patients experience a massive loss of sulfur, and (b) that 
this loss is not ameliorated by (HA) ART [10]. Moreover, 
in spite of the indisputable merits of HAART it should 
be noted that ART without protease inhibitors is still the 
treatment of choice for many HIV+ patients who caimot 
afford or tolerate HAART. 

The immune reconstitution by NAC is also in line 
v^dth a previous nonrandomized investigation which pro- 
vided suggestive evidence that NAC treatment may in- 
crease the 2-year survival rate [14]. Because the dose 
was not adjusted to individual needs in this earlier study, 
we have reason to believe that those results could still be 
improved considerably. Because the patients require on 
average rather large doses of NAC, we propose that the 
individual dose of NAC should be decreased whenever 
the plasma glutamine (or the albimiin level) is in the up- 
per normal range. The effect of NAC on the plasma albu- 
min level (Fig. 5) confirmed earlier findings in cancer 
patients [37] and is best explained by the fact that the ox- 
idized form of albumin has a faster clearance rate [37]. 
This interpretation is in agreement with earlier reports 
that the rate of albimiin synthesis was increased in sever- 
al conditions of infection and trauma even when albiraiin 
concentrations were decreased [42, 43]. Earlier studies 
on smaller nimibers of HIV-infected patients did not 
show significantly decreased plasma albumin concentra- 
tions but increased plasma concentrations and synthetic 
rates of "positive" acute-phase proteins [43, 44]. Wheth- 
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er NAC treatment may have a general anti-inflammatory 
effect and reverse the increase in acute-phase proteins re- 
mains to be determined. 

Became several studies on HIV"*" patients and simian 
immunodeficiency virus infected monkeys collectively 
suggest that HIV/simian inmiunodeficiency virus infec- 
tion may increase the cysteine catabolism and deplete the 
cyst(e)ine and GSH pools (see "Introduction"), we pro- 
pose tentatively that the therapeutic effect of NAC re- 
flects the reconstitution of the cysteine deficiency rather 
than a general immimopotentiating effect of NAC. If so, 
NAC is exceptional among drugs for the acquired immu- 
nodeficiency syndrome. There is a strong possibility that 
the immune system is among the first to suffer from this 
excessive loss of cysteine. Because GSH and cysteine 
have been shown to regulate the activation of the tran- 
scription factor nuclear factor-KB and the nuclear factor- 
KB-dependent replication of HIV [45, 46], it may be 
tempting to speculate that the beneficial effects of NAC 
are due to the inhibition of nuclear factor-xB and viral 
replication. However, we did not see a significant effect 
of NAC treatment on HIV RNA levels. In view of the 
decreased GSH levels in peripheral blood mononuclear 
cells of HIV"^ patients [3, 14], it may be tempting to ex- 
plain the immimological effects of NAC by its function 
as a GSH precursor. This question has not been ad- 
dressed here. NAC has failed, however, in several earlier 
studies to increase GSH levels of mononuclear cells in 
vivo [37, 47, 48, 49] but did increase the GSH level in 
the liver [50, 51] and erythrocytes [14, 18]. Studies on 
the venous plasma concentrations of NAC have led oth- 
ers to conclude that the oral bioavailability of NAC is 
low [19, 52], but these authors obviously dismiss the di- 
rect uptake and storage of cysteine by the liver from the 
portal vein. Magnusson and colleagues [53] reported the 
deacetylation and the subsequent release of cysteine into 
the blood plasma by the kidneys after intravenous infu- 
sion of NAC. Our placebo-controlled trials of NAC 
treatment clearly indicate that NAC may be beneficial in 
the treatment of HIV-infection and may reverse the de- 
crease in immimological reactivity. The HIV-induced ex- 
cessive loss of cysteine and the reconstitution of immu- 
nological functions by NAC indicate, finally, that the vi- 
rus-induced cysteine deficiency may be a novel mecha- 
nism by which a virus destroys the immune defense of 
the host and avoids its elimination by the immune 
system. 
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ABSTRACT 

Background: Immune function is highly dependent on nutri- 
tional status because the large mass and high rate of cellular 
turnover of the immune system make it a major user of nutrients. 
Furthermore, nutrient requirements may be increased during 
acute and chronic infections, including HIV-1 infection. 
Objective: The current study was designed to assess rela- 
tions among HIV- 1 progression and 1 1 nutritional and demo- 
graphic variables. 

Design: The participants were 106 HIV-infected outpatients and 
29 uninfected control subjects {n = 89 men and 46 women; age 
range: 35-57 y). The HIV-infected subjects represented a broad 
range of disease progression. 

Results: We found lower concentrations of plasma and erythro- 
cyte magnesium and of erythrocyte reduced glutathione begin- 
ning early in the course of HIV-1 infection. Significantly 
decreased hematocrit and increased serum copper concentration 
developed only late in the course of the disease. Statistically 
significant univariate associations were found between the CD4'*' 
T lymphocyte count and hematocrit, plasma magnesium concen- 
tration, and plasma zinc concentration. The lowest erythrocyte 
magnesium concentrations occurred in HIV-infected subjects 
who consumed alcoholic beverages. Independent variables that 
were significant joint predictors of CD4* cell count in multiple 
regression analyses were hematocrit and plasma free choline and 
zinc concentrations. These 3 factors together explained 43% of 
the variability in CD4* cell counts. 

Conclusion: The results provide evidence that compromised 
nutritional and antioxidant status begin early in the course of 
HIV-1 infection and may contribute to disease progression. 
Am J Clin Nutr 2000;72:809-15. 

KEY WORDS HIV-1 infection, HIV infection, AIDS, HIV 
progression, glutathione, magnesium, hematocrit, choline, cop- 
per, zinc, ethanol, alcohol, antioxidants 

INTRODUCTION 

It is well known that nutrition has a profound influence on 
the immune system. Infections, no matter how mild, have 
adverse effects on nutritional status. Conversely, almost any 
nutrient deficiency, especially if sufficiently severe, will impair 
resistance to infection (1). Furthermore, because the immune 



system functions as a large organ, its size and high rate of cel- 
lular turnover make it a major user of nutrients (2). Thus, it is 
not surprising that nutritional status can greatly influence the 
course of an acute or chronic infectious disease, especially a 
severe, chronic infection such as HIV-1. Causes of compro- 
mised nutrition in HIV-infected individuals, even in the early 
stages of HIV infection, may include anorexia, changes in 
nutrient absorption, and a high level of immune system activity 
that depletes nutrients (2, 3). 

In the current study, we investigated relations between 
9 nutritional or biochemical variables and the progression of 
HIV- 1 infection. The variables were hematocrit, erythrocyte 
concentrations of magnesium and reduced glutathione (GSH), 
ethanol consumption, and plasma concentrations of magne- 
sium, copper, zinc, and free and total choline. These variables 
were chosen because each may independently influence the 
course of an infectious disease or may be altered by an infec- 
tion, but few studies have assessed their relation to HIV-1 
infection and its progression (1, 3-6). The objective of the 
present study was to assess relations between HIV progression 
and these variables, both individually and jointly in multiple 
regression models. 

This study was based on 2 hypotheses: J) the status of some 
nutrients, as assessed on the basis of circulating concentra- 
tions, will decline early in the course of HIV- 1 infection but 
will not decline further with disease progression, and 2) the 
status of other nutrients will change progressively with 
increasing severity of HIV-1 infection or will only be altered 
in the late stages of infection. 
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TABLE 1 



Subject characteristics' 





BMP 


CD4* cell count 






10^ celis/L 


HIV status and sex 






Uninfected 






Female (/i= 19) 


26.8 ± 2.6 





Male (/i=IO) 


26.311.1 


— 


HIV infected 






Female (n = 27) 


24.71 1.3 


251 147 (7-658) 


Male (n = 79) 


24.710.5 


382130(1-1129) 


HIV stage^ 






CDC stage C (n = 26) 


24.010.7 


108118(1-304) 


CDC stage B (/i = 44) 


24.310.8 


310123(6-628) 


CDC stage A (n = 34) 


25.911.2 


600143(88-1129) 


Uninfected (n = 29) 


26.611.7 





'J 1 SE; range in parentheses. Age range: 35-57 y. CDC, Onters for 
Disease Control and Prevention. 



^BMI did not differ .significantly with infection status or stage (ANOVA, 
P>0.05). 

^ Stage was unknown for 2 HIV-infected subjects because of insufficient 
clinical data. Percentage female by stage: C, 46%; B, 14%; A, 24%; unin- 
fected, 66%. 

SUBJECTS AND METHODS 
Subjects 

The subjects in this cross-sectional study were men and 
women with HIV-1 infection who were outpatients at either of 
2 infectious disease clinics at 2 large hospitals in Newark, NJ. 
Control subjects of comparable ages were recruited from unin- 
fected friends or relatives of the subjects (n = 12) and hospital 
and medical school employees (/i = 17). A total of 106 HIV- 
infected and 29 uninfected subjects were enrolled. Subjects 
responded to a 24-item questionnaire that assessed nutritional 
and health status and included questions about variables such 
as height and weight; use of prescription medications; con- 
sumption of alcoholic beverages; use of vitamin, mineral, or 
herbal supplements; and symptoms such as anorexia, fatigue, 
diarrhea, vomiting, and weight loss during the past year. 
Informed consent was obtained from all subjects and the study 
protocol was approved by the New Jersey Medical School Insti- 
tutional Review Board. 

HIV-infected subjects were classified into Centers for Disease 
Control and Prevention (CDC) stages A, B, or C on the basis of 
the presence of opportunistic infections or other conditions (7), 
without regard for CD4'^ cell counts. The recruitment goal was 
>25 subjects in each category and S25 uninfected control sub- 
jects. Further subdivision of subjects by both CDC stage and 
CD4* cell count was not done because this would have resulted 
in small numbers of subjects in some subgroups, precluding sta- 
tistical analysis of the laboratory data. 

Blood collection and analysis 

We collected 15 mL whole blood on one occasion from each 
participant. Blood samples were delivered to the laboratory 
within 4 h of collection. Blood for choline and GSH measure- 
ments was collected in evacuated tubes (Becton Dickinson & Co, 
Rutherford, NJ) containing EDTA as the anticoagulant. Blood 
used for analyses of magnesium, copper, and zinc concentrations 
was collected into heparin-treated evacuated tubes recommended 



for trace metal analysis (Becton Dickinson & Co). Hematocrit 
was determined on the same sample by using a microhematocrit 
centrifuge. CD4* T lymphocyte counts of infected subjects were 
assessed by using fluorescence-activated cell sorting. Serologic 
status for HIV infection was confirmed by Western blot. Plasma 
free and total choline concentrations were measured by using a 
microbiological method as described previously (8). Plasma 
copper, zinc, and magnesium and erythrocyte magnesium con- 
centrations were measured by using flame atomic absorption 
spectrophotometry (9, 10). Erythrocyte concentrations of GSH 
were measured by visible spectrophotometry at 41 2 nm with the 
method of Beutler et al ( 1 1 ). 

Statistical analyses 

The data were analyzed by using the SAS SYSTEM FOR 
WINDOWS (release 6.12; SAS Institute, Cary, NC) and are pre- 
sented as means ± SE. Mean concentrations of biochemical vari- 
ables and other data for stage-of- infection groups (uninfected 
and disease stages A. B, and C) were compared by using a gen- 
eral linear models approach to analysis of variance (ANOVA). 
Groups were compared pairwise by using Tukey's studentized 
range test when the ANOVA indicated a significant overall group 
effect. Univariate associations between nutrient concentrations 
and CD4* T lymphocyte counts were evaluated by calculating 
Pearson *s product-moment correlation coefficients. Multiple 
regression analyses with forward selection across disease stages 
A, B, and C were used to determine relations of CD4* cell counts 
to the independent variables hematocrit, erythrocyte magnesium 
and GSH concentrations, ethanol consumption, age, sex, and 
plasma magnesium, copper, zinc, and free and total choline con- 
centrations. Stepwise and backward-elimination regressions 
were also conducted to check the consistency of the results from 
forward selection. Values for male and female subjects were 
compared by using / tests. The Mantel-Haenszel chi-square test 
for trend was used to relate the fractions of subjects with low 
zinc concentrations to increasing disease severity (uninfected 
through stage C). All P values for the above tests are two-tailed 
with P < 0.05 considered statistically significant. 

For infected participants, we also determined the effects on the 
8 biochemical variables of subject-reported changes in appetite or 
weight, use of vitamin supplements or nutritional drinks, use of 
antiretroviral medications, and presence of vomiting or diarrhea. 
These effects were evaluated in pairwise comparisons with t tests. 
Because 56 comparisons were made, P < 0.02 was considered sta- 
tistically significant for these comparisons; this was done so thai 
the expected number of type I errors would be I. 



RESULTS 

Subject characteristics 

Subject characteristics, including infection status and stage, 
age. sex, CD4* cell count, and body mass index (BMI, in kg/nr). 
are shown in Table 1, We did not have enough information to 
classify 2 of the 106 infected subjects into CDC categories, but 
data from these subjects were used for calculations not involv- 
ing CDC classification. The range of CD4* cell counts was 
broad, from 1 to 1 129 X 10** cells/L. Infected male and female 
subjects had similar mean BMIs (24.7 + 0.5 and 24.7 ± 1.3. 
respectively). BMI did not differ significantly with infection 
status or stage (ANOVA). 
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TABLE 2 

Biochemical variables by stage of HlV-l infection' 



CDC stage of infection 





Uninfected control subjects 


A 


B 


C 






(n = 28-29) 


(n = 29^-34) 


in = 32^) 


in = 24-26) 




Hematocrit 


0.419 iO.OlO* 


0.437 ± 0.008" 


0.4M± 0.009* 


0.375 ± 0.009'' 


0.0003 


Erythrocyte magnesium (mmol/L) 


2.04 ±0.05" 


1.85±0.05'> 


1.90 ±0.03'-'' 


1.9710.05** 


0.014 


Erythrocyte glutathione (mmol/L) 


2.21 ±0.07« 


1.5410.08" 


1.8110,10^ 


1.6210.13'' 


0.0001 


Plasma magnesium (mmol/L)^ 


0.82 ±0.01* 


0.79 ± 0.01 


0.77 ±0.01** 


0,7710.01** 


0.0091 


Plasma copper (p^mol/L) 


17.9 ±0.8* 


19.5 ± 0.8' 


20.0 ± Cd- 


22.210.8*' 


0.0029 


Plasma zinc (p,mol/L) 


13.1+0.4 


13.1 ±0.5 


12.6 ±0.5 


11.910.6 


NS 


Plasma free choline (pjnol/L) 


43.6 ±2.3 


51.3 ±3.2 


74.3 ±18.2 


48.0 ±3.6 


NS 


Plasma total choline (mg/L) 


293 ±8 


306± 11 


3t6±ll 


301 1 12 


NS 



1 SE. Values in the same row with different superscript letters arc significantly different, P < 0.05 CRikey's test). Tukey 's test was done when P < 0.05 



for ANOVA. CDC, Centers for Disease Control and Prevention. 

^ ANOVA for effect of serologic status and stage of HIV-1 infection. 

-'For the pairwise comparison between uninfected control and stage-C subjects, 0.05 <P< 0.062. 



Nutrient concentrations and stage of infection 

Five of the 8 biochemical variables studied differed signifi- 
cantly with stage of infection (ANOVA, P < 0.05; T^ble 2). 
Hematocrit values were significantly lower and plasma copper 
concentrations were significantly higher in stage-C subjects than 
in the other 3 groups. For plasma magnesium concentrations, we 
found significant differences between uninfected subjects and 
stage- B but not stage- A subjects. A comparable difference 
between plasma magnesium concentrations in uninfected and 
stage-C subjects was not statistically significant (0.05 < P < 0.062) 
because fe^yer subjects were classified as stage C than as stage 
B. Erythrocyte magnesium concentrations were significantly 
lower in stage-A but not in stage-B or -C subjects than in con- 
trol subjects. Stage of infection did not influence mean plasma 
zinc, free choline, or total choline concentrations significantly. 
However, the lowest zinc concentrations occurred in stage-C 
subjects: 36% had concentrations below the normal range of 
10.7-18.3 jjimol/L (70-120 M-g/dL). The percentages of unin- 
fected and stage-A and -B subjects with values < 10.7 fimol/L 
were 14.3%, 14.7%, and 30.2%, respectively. These percentages 
show a significant increase in below-normal zinc concentrations 
with infection and increasing disease severity (Mantel-Haenszel 
chi-square test for trend, P < 0.05). 

At all 3 stages of HIV infection, erythrocyte GSH concentra- 
tions were significantly and considerably lower than those of 
uninfected control subjects. Individual erythrocyte GSH values 
of uninfected subjects and infected subjects at each CDC stage 
are shown in Figure 1. A considerable percentage (37.2%) of the 
infected subjects had concentrations lower than the lowest value 
of any uninfected control subject. 

Laboratory data by subject sex 

Because the percentages of male and female study participants 
(Table 1) differed among the 4 groups of subjects (uninfected and 
stages A, B, and C), we compared laboratory data of the male and 
female subjects for the 8 biochemical variables listed in Table 2. 
For the 29 uninfected subjects, there was a significant difference 
between female and male subjects for hematocrit (0.397 ±0.013 
compared with 0.481 ± 0.(X)5, respectively) and plasma copper 
concentration (18.9 ± 1.1 compared with 15.9 ± 0.6 p.mol/L, 
respectively) by t test iP < 0.05). For the 106 HIV-infected sub- 



jects, men had significantly higher values than women for hema- 
tocrit (0.426 ± 0.006 compared with 0.369 ± 0.008, respectively) 
and plasma zinc concentration (13.0 ± 0.4 compared with 
1 1.6 ± 0.5 jtmol/L, respectively). For subjects with slage-C infec- 
tion, only plasma zinc concentration differed between female and 
male subjects (10.1 ±0.7 compared with 13.6 ± 0.8 |xmol/L, 
respectively). The only variable that differed between men and 
women at stages A and B was hematocrit. For stage A, the mean 
values were 0.453 ± 0,007 and 0.386 ± 0.018 for men and women, 
respectively; for stage B, the means were 0.423 ± 0.009 and 
0.335 ±0.010 for men and women, respectively. There were no 
other significant differences in the measured variables between 
men and women. Erythrocyte GSH concentrations were remark- 
ably similar in women and men for uninfected subjects and those 
at each stage of infection. For example, mean concentrations were 
2.22 ± 0.10 and 2.18 ± 0.10 mmoI/L for uninfected female and male 
subjects, respectively, and 1.53 + 0.19 and 1.69 ± 0.18 mmol/L for 
stage-C female and male subjects, respectively. 
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HIV status and stage 

FIGURE 1. Erythrocyte reduced glutathione (GSH) concentrations 
by HIV status and Centers for Disease Control and Prevention stage for 
individual subjects. Mean values are indicated by horizontal lines and 
differ significantly (ANOVA, P < 0.0001). The percentage of infected 
subjects with GSH concentrations below the lowest value for any unin- 
fected control subject was 37.2%. n = 29 for seronegative, 29 for stage A, 
32 for stage B. and 24 for stage C. 
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HGURE 2. Relation of CD4* cell count to hematocrit (n = 94). The 
relation between the variables is best described by a straight line defined 
by the equation y = ax + b, where y = CEM* cell count, x = hematocrit, 
fl= 1800, and2r= -388. 



Alcoholic beverages 

Mean ethanol consumption of those subjects who drank alco- 
holic beverages was 4.6 ± 3.5 g/d (S2.6% of energy) for unin- 
fected subjects and 9.9 ± 2.0 g/d (^4.4% of energy) for infected 
subjects. No stage-C subjects reported consumption of alcoholic 
beverages. However, ethanol consumption did not differ signifi- 
cantly by infection status or stage of infection. 

Each subject was classified into 1 of 4 groups on the basis of 
infection status (uninfected or infected) and use of alcoholic 
beverages (did or did not consume alcohol). For subjects who 
did not consume alcoholic beverages, mean erythrocyte magne- 
sium concentrations were 2.03 ± 0.09 nunol/L for 7 uninfected 
subjects and 1.91 ± 0.04 mmol/L for 46 infected subjects. Cor- 
responding values for uninfected (n = 5) and infected (/i = 16) 
subjects who drank alcoholic beverages were 2.02 ±0.12 and 
1.76 ± 0.05 mmol/L, respectively. The infected subjects who 
consumed alcoholic beverages had significantly lower erythro- 
cyte magnesium concentrations than did subjects in the other 
3 groups (ANOVA, P < 0,05). 

Relations between nutrient concentrations and CD4* 
T lymphocyte counts 

In Figures 2, 3, and 4 we show the relations between CD4* 
T lymphocyte count and hematocrit, plasma magnesium concen- 
tration, and plasma zinc concentration, respectively. These were 
the only variables that were significantly (P < 0.05) associated 
with CD4* cell counts. Linear correlation coefficients were 0.40 
for hematocrit, 0.25 for plasma magnesium concentration, and 
0.21 for plasma zinc concentration. The association between 
CD4* cell count and plasma free choline concentration was not 
significant (r = 0.20, P = 0.077). Additionally, there were 
no significant associations between plasma or erythrocyte 
magnesium concentrations and erythrocyte GSH concentration. 
Erythrocyte magnesium and GSH concenu-ations were not signi- 
ficantly associated with hematocrit. 

The results of the multiple regression analyses performed 
by using forward selection with CD4* cell count as the depen- 
dent variable are shown in Table 3. Similar results were 



obtained by using a stepwise approach or backward elimination 
(data not reported). The independent variables were hematocrit, 
erythrocyte magnesium and GSH concentrations, ethanol con- 
sumption, age, sex, and plasma magnesium, copper, zinc, free 
choline, and total choline concentrations. Independent vari- 
ables that were significant joint predictors of CD4* cell count 
were hematocrit (partial to enter model = 0.27), plasma free 
choline concentration (R^ = 0.087), and plasma zinc concentra- 
tion (R^ = 0.067). Together, these 3 variables explained 43% of 
the variability in CD4* cell counts. The absence of plasma 
magnesium concentration in the multiple regression model 
appears to be a result of its association with hematocrit 
(r = 0.19,/' = 0.027). 

Symptoms, supplements, and medications 

Responses to questions about nutrition and medication use 
during the past year were tabulated. Of the 106 infected subjects, 
24 (22.6%) reported reduced appetite, 17 (16.0%) reported mod- 
erate weight loss, 12 (1 1.3%) reported episodes of vomiting, and 
21 (19.8%) reported diarrhea. Fifty-six subjects (52.8%) were 
taking antiretroviral drugs at the time of blood sampling and 25 
(23.6%) reported a recent weight loss of ^2.25 kg (5 lb). 
Fifty subjects (47.2%) reported use of vitamin supplements and 
38 (35,8%) consumed nutritional drinks. Of diese drinks, the 
most frequently used was Sustacal (n = 28). The above percent- 
ages were highest for the 26 stage-C subjects, with the exception 
of the percentage reporting diarrhea. 

Weight loss of S2.25 kg, use of antiretroviral drugs, diarrhea, 
and use of vitamin or herbal supplements did not significantly 
(P < 0.02) influence any of the 8 biochemical variables meas- 
ured. Hematocrit was significantly lower {P < 0.02) in subjects 
who reported loss of appetite (0.381 ± 0,013 compared with 
0.418 ± 0.006) or use of nutritional drinks (0.390 ± 0.010 com- 
pared with 0.421 ± 0.007) than in subjects who did not. Signifi- 
cantly lower plasma zinc concentrations were found in subjects 
who reported loss of appetite (11.0 ± 0.6 compared with 
13.1 ± 0.4 \imo]/L) or vomiting (10.6 ± 0.5 compared with 
12.9 ± 0.4 jimol/L) than in subjects who did not. No other signi- 
ficant differences were found for subjects who reported loss of 
appetite, vomiting, or use of nuuitional drinks. 




04) a 1 (U 0.5 0.0 0.7 0.1 

Plasma magnaslum (mmo^) 



FIGURE 3. Relation of CD4* cell count to plasma magnesium con- 
centration (n = 94). The relation between the variables is best described 
by a straight line defined by the equation y = ox + A, where y = CD4* cell 
count, X = plasma magnesium concentration, a = 862, and b = -314. 
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FIGURE 4. Relation of CD4* cell count to plasma zinc concentration 
(/I = 92). The relation between the variables is best described by a 
straight line defined by the equation y = ox + i>» where y = CD4* cell 
count. X = plasma zinc concentration, a = 17.2, and b- 141. 



DISCUSSION 

The HIV-infected subjects who participated in this study were 
classified into CDC stages A» B, or C on the basis of their symp- 
toms and the presence of oppoitunistic infections. The mean (±SE) 
CIM"^ cell counts decreased substantially with increasing severity 
of infection (600 ± 43, 310 ± 23, and 108 ± 18 X lO^cellsA. for 
stages A. B. and C, respectively) and thus were consistent with 
the CDC classification of the infected subjects. Nevertheless, 
CD4* cell counts and stage of infection provide different meas- 
ures of disease progression, and this must be considered when 
interpreting the results of this study. 

Differences between uninfected and infected subjects were 
particularly large for erythrocyte GSH; concentrations were 
already low early in the course of HIV infection, but there 
was considerable variability among infected subjects, espe- 
cially those in stages B and C (Figure 1). However, erythro- 
cyte GSH concentrations were not lower with increasing 
severity of HIV infection. Thus, GSH was not associated with 
disease progression as assessed by CD4'^ cell counts or stage 
of disease of infected subjects. Nevertheless, because GSH is 
a key cellular antioxidant, the relatively low concentrations 
found even early in the course of infection may contribute to 
HIV pathogenesis, especially because other investigations 
have found evidence that compromised status of antioxidants 
is associated with HIV progression. For example, Herzenberg 
et al (12) found that CD4* lymphocyte glutathione concentra- 
tions have prognostic value for predicting the rate of progres- 
sion when measured in asymptomatic seropositive patients. 
These authors suggested that the use of acetaminophen and 
other drugs known to deplete GSH should be minimized or 
avoided in persons with HIV infection. 

Garcia de la Asuncion et al (13) found that mitochondrial 
glutathione oxidation increases substantially with aging in 
rats and mice, with a remarkably high degree of correlation 
between oxidized glutathione and mitochondrial DNA damage 
(r = 0.95-0.98). The present study focused on GSH concentra- 
tions in erythrocytes. However, if the decreased GSH concen- 
trations that we found at all stages of infection are associated 
with mitochondrial DNA damage, then the latter could be an 
important adverse effect of HIV-1 infection. 



Subjects who were infected and also drank alcoholic beverages 
had the lowest erythrocyte magnesium concentrations. This is not 
surprising because seropositive status and consumption of ethanol 
are each associated with decreased circulating magnesium con- 
centrations (9, 14). The ethanol intake of infected subjects who 
consumed alcoholic beverages was low (J: ^4.4% of energy). The 
fact that no stage-C subjects reported regular consumption of alco- 
holic beverages may have contributed to their higher erythrocyte 
magnesium concentrations compared with those of the stage-A 
and -B participants. These data suggest that HIV-infected subjects 
who consume alcoholic beverages, even in modest amounts, may 
be especially likely to develop compromised magnesium status. 

Relatively high plasma copper concentrations, which we 
found in the stage-C subjects, were also observed by other inves- 
tigators and most likely reflect a nonspecific increase in plasma 
concentrations of the copper-containing protein ceruloplasmin 
(15, 16). Plasma concentrations of ceruloplasmin and copper 
increase as an acute-phase response in a variety of infections and 
inflammatory conditions, and thus are not specific for HIV infec- 
tion. We did not observe significantly lower plasma zinc concen- 
trations with disease progression (as assessed by stage of infection) 
in HIV-positive subjects as was found in some other studies 
(17, 18), although the stage-C subjects did have the lowest mean 
concentration (11.9 (imol/L) and the highest percentage of sub- 
jects with below-normal values (36%). In addition, there was a 
significant association between plasma zinc concentration and 
CD4* cell count. These observations are consistent with the idea 
that CD4* cell count and CDC stage provide different, although 
complementary, measures of disease progression. 

Hematocrit values were lowest in the stage-C subjects. This 
result agrees with other studies in which reduced hematocrit val- 
ues were found late in the course of HIV infection (19-22). In 
addition, the development of anemia is an independent risk fac- 
tor for an early death in HIV-infected individuals (19-22). Sev- 
eral studies showed that HIV-infected patients with anemia may 
benefit from treatment with recombinant human erythropoietin 
(23. 24), which can improve survival. In our multiple regression 
model, hematocrit was the independent variable that was the best 
predictor of CD4* cell count. In addition, plasma zinc and free 
choline concentrations were significant joint predictors of the 
CD4* cell count. There is considerable evidence that zinc is vital 
to cellular inunune function. Choline was recognized as an 
essential dietary nutrient by the Institute of Nutrition of the 
National Academy of Sciences, and dietary reference intakes 
have been established for it (25). Because choline is required for 
cellular functions such as phospholipid synthesis (25), it is 



TABLE 3 

Multiple regression models of CD4* cell counts on biochemical variables' 



Predictor 


Partial Parameter estimate 


P 


Intercept 




-1354 


0.0020 


Hematocrit 


0.273 


1880 


0.0005 


Plasma free choline (jimol/L) 


0.087 


580 


0.029 


Plasma zinc (p.mol/L) 


0.067 


15.6 


0.045 


Plasma magnesium (mmol/L) 


0.012 


469 


0.38 



'None of the other 7 independent variables (erythrocyte magnesium 
and GSH concentrations, ethanol consumption, age, sex, and plasma cop- 
per and total choline concentrations) met the 0.50 signficance level for 
entry into the model. Forward selection wa.s used to enter independent vari- 
ables into the model. The model = 0.439 {n = 42). 
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plausible that serum concentrations might be depleted with 
progression of HIV infection as the immune system attempts to 
respond to progression with increased synthesis of cells and 
molecules such as cytokines. Although CD4* cell counts were 
significantly associated with free choline concentrations in the 
multiple regression models, there were no significant differences 
in mean choline concentrations between the different stages of 
infection. This is an example of CD4* cell counts and stage of 
infection having different relations to the status of a nutrient. 

In Figures 3, 4, and 5. we illustrated the significant associa- 
tions between CIM* cell count and hematocrit, plasma magne- 
sium concentration, and plasma zinc concentration* respectively. 
Despite significant group associations, in these figures it is evi- 
dent that some individual points were situated a substantial dis- 
tance from the regression line. Therefore, an individual's CD4+ 
cell count cannot be predicted from laboratory data on hemat- 
ocrit or plasma concentrations of magnesium or zinc. This is not 
surprising because numerous factors contribute to the CD4* cell 
counts of individual HIV patients and any single nutritional vari- 
able is likely to have only a moderate association with CI>4* cell 
count. However, the 4 nutritional variables in the multiple 
regression model collectively explained ««43% of the variability 
in CD4* cell counts. Because hematocrit is frequently measured 
in clinical medicine, it may be particularly useful for monitoring 
individual HIV-infected patients. 

Limitations of the present study are that the results describe 
associations that may not represent a causal relation and that 
blood concentrations are only one measure of nutrient status. 

Furthermore, it is unlikely that compromised nutritional status 
functions in isolation to influence the progression of HIV-1 infec- 
tion, but rather that it acts in concert with other factors such as 
viral load and genetics. Compromised nutritional status that 
develops early In the course of infection, for example, the con- 
siderable changes in GSH status that we found, may exert its most 
substantial adverse effects only after interacting with other fac- 
tors that result in further deterioration of host defenses. It could 
be argued that treatment of HTV-l infection with drugs may con- 
tribute to compromised nutrient status because of drug side 
effects such as anorexia and diarrhea. Alternatively, antiretroviral 
therapy may improve nutritional status if anorexia is present 
because of infection-produced effects on cytokines. However, in 
the current study, use of antiretroviral drugs, anorexia, and diar- 
rhea, as well as subject sex, had little or no effect on the status of 
die nutrients studied. Thus, the effects of these nutrients on HIV 
progression may be independent of the above factors. 

The present study focused on assessing relations between HIV 
progression and magnesium, copper, zinc, choline, and glutathione. 
Other studies suggested that other micronutrients, for example, 
vitamins A, B-6, and B- 12 and selenium (26-29), may also influ- 
ence HIV-1 progression. Thus, the results of diis study add to the 
body of evidence showing compromised antioxidant, mineral, and 
micronutrient nutritional status during HIV infection. For some 
nutrients, this occurs early in the course of HIV infection. Because 
the major minerals and micronutrients play key roles in supporting 
inunune function, compromised status of these nutrients may con- 
tribute to the progression of HIV-1 infection. li 
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Abstract 

Aging and HIV have parallelism in immunodeficiency status because of the appearance of infections 
or relapse leading to death in both conditions. HIV-RNA is predictor for HIV progression correlated 
with CD4"^ depletion. CD4"^ and plasma zinc levels (zincaemia) may be predictors for infections relapse 
in aging because of zinc relevance for normal immune efficieny against infections and for CD4^ growth. 
Moreover, zincaemia decreases in aging and infection. A total of 67 elderly subjects affected by 
infections resistant to antibiotic therapy were recruited. A total of 28 HIV"^ subjects with HAART 
therapy were also used. CD4^ depletion (507 mm^) and zincaemia deficiency (76 jig/dl), as compared to 
CD4"^ (700-1100 mm^) and zincaemia (85-100 |ig/dl; age 40-75 years) normal ranges, are possible 
limits (Cox hazard regression) for severe infections relapse, such as chronic obstructive bronchitis and 
bronchopneumonia by bacteria or Candida complication, in aging. CD4*^ and zincaemia values are 
within the lower limits of normal range in urinary tract infections. Zincaemia and HIV-RNA or CD4"^ 
are inversely correlated (r = 0.57 and r == 0.72, respectively) in HIV^ HAART * treated subjects. 
Consequently there is no appearance of opportunistic infections. Parallelism between aging and HIV 
may exist because of the resemblance in marked zinc deficiency and CD4''" depletion with high scores in 
relative risks for severe infections relapse. Supplementing zinc (12 mg Zn''""^/day) for one month in 
infected elderly subjects and HAART therapy in HIV"*" subjects reduces risk scores in CD4'^ and 
zincaemia deficiencies for infections relapse, suggesting that the zinc beneficial effect may be independent 
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either by HIV-virus or pathogen agents involved. While HAART may reduce the occurrence of 
opportunistic infections in HIV by means of also major zinc bioavailability, supplementing zinc can be 
recommended in elderly people as resistence to infections. Since zinc deficiecy is correlated with CD4*^ 
depletion, this latter may also be good diagnostic marker to detect 'clear immunodeficency' in aging, as 
in HIV condition. © 1999 International Society for Immunopharmacology. Published by Elsevier 
Science Ltd. All rights reserved. 

Keywords: Aging; HIV; Zinc; 004"^; HIV-RNA; Infection relapse; Risk factors 



1. Introduction 

Aging and HIV have parallelism in immunodeficiency status because of the appearance of 
infections or relapse leading to death in both conditions (Pawelec & Solana, 1997). Proteases 
inhibitors reduce opportunistc infections (Chaisson & Moore, 1997) because of HIV-RNA 
relevance for HIV progression as major predictor (Mellors, Rinaldo, Gupta, White, Todd & 
Kingsley, 1996), other than CD4"^ depletion (Levy, 1989). CD4"^ count dysregulation causes 
infections or infections recidive (Pawelec & Solana, 1997). No specific immunological limits 
under which risk of infection or infection relapse are still available in aging. Together with 
CD4"^, zinc may be a predictor because: (i) zinc is important for immune efficiency against 
infections (Sugarman, 1983); (ii) zinc is predictor for death in comatose patients for high 
frequency of infectious episodes (Mocchegiani, Imberti, Testasecca, Zandri, Santarelli & Fabris, 
1995a); (iii) zinc deficiency is a cofactor for infections in old age (Chandra, 1989). Finally zinc 
affects CD4~^ maturation and differentiation (Beck, Prasad, Kaplan, Fitzgerald, & Brewer, 
1997). Moreover zinc decreases in aging (Fabris, Mocchegiani, Amadio, Zannotti, Licrasto & 
Franceschi, 1984) and during infections (Mocchegiani Veccia, Ancarani, Scalise, & Fabris, 
1995b; Sandstead, 1994; Shankar & Prasad, 1998), whereas CD4"^ depletion occurs during 
infections (Pawelec & Solana, 1997). In turn, infections and infections relapse are constant 
events in aging (Fabris & Mocchegiani, 1995). Plasma zinc levels (zincaemia) and CD4"^ are 
tested in infected elderly subjects from remission phase as possible limits and, as such, possible 
risk factors for infections relapse resistant to conventional antibiotic therapy (Lewis & Reeves, 
1994). Peripheral T-cells are used to give more complete picture of generalized 
immunodeficiency in aging, as in canine bronchoalveolar infections (Dirscherl, Beisker, 
Kremmer, Mihalkov, Voss & Ziesenis, 1995). HIV model with HAART therapy was used to 
further study the possible parallelism between HIV and aging for infections relapse incidence. 
Because of zincaemia heterogeneity in aging (Fabris et al., 1984; Prasad, Fitzgerald, Hess, 
Kaplan, Pelen & Dardenne, 1993) and HIV (Fabris, Mocchegiani, Galli, Irato, Lazzarin & 
Moroni, 1988; Mocchegiani et al., 1995b), total thymulin (TT) (active zinc-bound ZnFTS + 
inactive zinc-unbound FTS) and active thymulin (ZnFTS) (AT) ratio, which is the unsaturated 
fraction of thymulin (FTS) by zinc ions (Fabris et al., 1984) is a good marker to detect real 
zinc deficiency because of the inverse strict correlation between zincaemia status and the ratio 
itself (Fabris et al., 1984). Thus, zincaemia was associated with TT/AT ratio. Supplementing 
zinc from remission phase was carried out in elderly subjects affected by pre-existing chronic 
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obstructive bronchitis. Relative risk factors were calculated from the remission phase (time 0) 
of infection to month 4 of observation. An HIV model was used as comparison. 



2* Subjects and methods 

2.7. Elderly subjects 

A total of 48 male and 19 female subjects (63-75 years, mean 69 ± 5.8) admitted to the 
hospital were recruited in remission phase (time 0) of infection (urinary tract, chronic 
obstructive bronchitis and bronchopneumonia by bacteria or Candida complication). Old 
patients are divided according to infections. Group A with urinary tract infections (18 subjects, 
5 male and 13 female, mean age 70 ±5 years), group B with chronic obstructive bronchitis (36 
subjects, 25 male and 11 female, mean age 67 + 4 years) and group C with bronchopneumonia 
by bacteria or Candida complication (13 subjects, 10 male and 3 female, mean age 68 ± 3.5 
years). Elderly patients with previous infections associated with other pathological conditions 
were excluded. Conventional antibiotic therapy was used before remission phase. Length of 
conventional antibiotic treatment was of 12 + 2.0 and 14 + 2.7 days before time 0 (Data are the 
mean number of days of antibiotic treatment) for group A and for groups B and C, 
respectively, with conventional therapeutic dose dependent by infection severity. No other 
drugs were administered other than Vitamins B complex in order to maintain a good balance 
of vitamins B by intestinal bacterial flora, which can be destroyed by antibiotic therapy. Blood 
withdrawal (time 0) was perfomed in remission phase of infection. The daily diet was similar to 
healthy old controls. Double-blinded controlled trial with zinc at the dose of 12 mg Zn"^ ^/day 
(USD A, 1976) or placebo (starch containing capsule) was carried out for one month in 15 (13 
male and 2 female, mean age 68 ± 3 years) and 14 (11 male and 3 female, mean age 66 + 2 
years) elderly people subjects, respectively, after one week from remission phase of infection 
(chronic obstructive bronchitis). Relative risk factors as well as possible infection relapse were 
evaluated from month 0 to 4 of observation. Supplementing zinc was carried out in chronic 
obstructive bronchitis because of more common infection relapse in aging (Pawelec & Solana, 

1997) with consequent major subjects availabihty. 

2.2. HIV^ subjects 

A total of 21 male and 7 female intravenous drug-users HIV"^ subjects (20-36 years, mean 
28 ±5.5) were recruited with CD4"^ number between 250 and 400 mm^ (Stage III of disease) 
(Murray et al., 1985). Because of HIV-RNA as predictor for HIV progression (Mellors et al., 
1996) with HAART to block virus replication (Sepkowitz, 1998), the medical ethic suggested to 
immediatly perform HAART when CD4^ 400-500 mm^ and HIV-RNA ^ 10,000 copies/ml 
(Sepkowitz, 1998). No other drugs administered other than HAART [2 nucleoside analogues 
(AZT + 3TC) and 1 proteases inhibitor (IND or RIT)] at standard doses/day (Sepkowitz, 

1998) , with compliance of 92%. HIV-RNA, immunological and nutritional parameters were 
detected at months 0 and 4 after HAART therapy as well as possible opportunistic infections 
censoring. Relative risk factors were evaluated from month 0 to 4 of observation. The data of 
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relative risk factors were compared with HIV"^ subjects (18 subjects) with CD4"^ between 250 
and 400 mm^ treated with only AZT because of no availability of other antiviral drugs in this 
retrospective study (Mocchegiani et al., 1995b). The daily diet was similar to young healthy 
controls. No vegetarian subjects were present. ELISA and Western blot confirmed HIV 
seropositivity. 

23, Control groups 

Seven men and eight women healthy young subjects (25 ±3.4 years) admitted to the hospital 
for minor surgery served as controls. Five men and ten women healthy elderly subjects (67 + 
4.6 years) were recruited in accordance to immunogerontological 'SENIEUR protocol' 
(Ligthart et al., 1984). Vegetarian subjects were excluded. They were recruited and examined 
according to the guidelines of Helsinki declaration. The informed consensus for blood 
withdrawls as well as for zinc trial was obtained. 

2 A, Methods 

HIV-RNA plasma detection was performed by means of RT-PCR amplification of specific 
primers (SK38, SK39) (Menzo, Bagnarelli, Giacca, Manzin, Varaldo & Clementi, 1992). TT/ 
AT ratio were tested in the plasma by inhibiting azathioprine-sensitive rosettes assay (Fabris et 
al., 1984). Zincaemia was tested using A.A.S. (Fabris et al., 1984). CD4'*' absolute number was 
counted with cytofluorimetry (Epics V, Culter, USA) using Leu3a FITC (Becton-Dickinson, 
USA). Differences were compared using ANOVA (two-way). Cox hazard regression (Matthews 
& Farewell, 1988) was used to test relative predictors (CD4'*" and zincaemia) for infection risks 
and for possible Hmits under which rinfections risk may be high. Least-square method and 
analysis of covariance were used for correlations and to test significance among regression 
lines, respectively. Differences were significant when P<0.05. 



Table 1 

Immunological and nutritional parameters in elderly subjects in remission phase of infection (time 0)" 



Groups^ 


Ratio T.T./A.T. (log_2) 


Zincaemia (|xg/dl) 


CD 4"' (mm^) 


No of infections/subjects 


A 


2.0 + 0.3 


83.3±4.0 


696 ±58 


18/18 


B 


2.5 + 0.3* 


75.3 + 3.2** 


457 ±53* 


13/13 


C 


2.4 + 0.2* 


76.8 ±4.3** 


460 ±66* 


36/36 


D 


1,6 ±0,2 


88.5±5.8 


877 ±47 




E 


1.1+0.2 


120.0+6.5 


925 ±68 





^ *P < 0.01 and **P < 0.05 when compared to group D. 
A = Elderly subjects (« = 18) with pre-existing infections (urinary tract); B = Elderly subjects (w = 13) with pre- 
existing infections (bronchopneumonia by bacteria or Candida complication); C - Elderly subjects (n - 36) with 
pre-existing infections (Chronic obstructive bronchitis); D = Elderly age-matched healthy controls (« = 15) (age 60- 
73 years); E = Young healthy controls (« = 15) (age 20-30 years). 
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3. Results 

3.L Elderly subjects 

TT/AT ratio > 2 (Groups B and C) is associated with more marked zinc deficiency as 
compared to TT/AT ratio (=1.6) and zincaemia values of old healthy controls (P < 0.01) 
(Table 1). The anamnestic analysis at time 0 (remission phase) shows that urinary infections 
(18/18 patients), bronchopneumonia [by bacteria (8/13 patients) or by Candida complication 
(5/13 patients)] and chronic obstructive bronchitis (36/36 patients) are pre-existing infections. 
CD4"^ count is reduced (groups B and C) (P < 0.01), whereas no difference in group A as 
compared to old healthy controls (Table 1). CD4^ (437 ±49 mm^) and zincaemia (74 + 3.4 jag/ 
dl) values in old patients affected by bronchopneumonia by Candida complication are not 
different as compared to those ones by bronchopneumonia by bacteria complication (CD4'^ = 
478 ± 62 mm^; zincaemia = 76 ± 3.8 |ig/dl). No differences in CD4'*" and zincaemia exist 
between old patients affected by chronic obstructive bronchitis and by bronchopneumonia 
(Table 1), as well as between male and female (data not shown). CD4'^ and zincaemia values 
for urinary tract infections are included within the normal range (Table 1). Supplementing zinc 
for one month from remission phase (time 0) in elderly subjects affected by chronic obstructive 
bronchitis increases CD4^ cell number (from 462 ±48 time 0 to 690 ±41 time 1 month; P < 
0.01) with significant reduction of infections relapses (2 relapses/ 15 patients = 13.3%) as 
compared to placebo group (6 relapses/14 patients = 42.8%) (P < 0.01) at month 4 of 
observation. CD4^ depletion and zinc deficiency in placebo group are relative risk factors for 
infections relapse with significant scores as compared to old zinc- treated group (Table 2). 
Moreover, taking into account CD4'^ and zincaemia normal ranges (700-1100 mm*^; 20-75 
years; 85-100 |ag/dl; 40-75 years, respectively) from our laboratory, CD4"*" (507 mm^) (range 
454-530) and zincaemia (76 ^ig/dl) (range 75-91) may be possible limits at borderline for 
chronic obstrucutive bronchitis infections relapse. When the data of zincaemia from old 
infected patients before and after zinc supplementation and respective healthy controls are 
plotted against the corresponding values of CD4'^, significant positive inverse correlation is 
found (r = 0.81 P < 0.01). 



Table 2 

Relative risk factors for chronic obstructive bronchitis relapse in elderly subjects treated with zinc and for opportu- 
nistic infections in HIV*" subjects treated with AZT (retrospective study) or HAART 

Covariates Coeff. Regr. Rel. Risk z-statistic Coeff. Regr. Rel. Risk. z-statistic 



Placebo (n = 14) Zinc treatment (« = 15) 



CD4^ 


0.82 


2.27 


P < 0.01 


0.36 


1.44 


P>0.05 


zincaemia 


0.71 


2.03 


F < 0.01 


0.41 


1.51 


P>0.05 




HIV" 


(AZT treatment) (« = 18) 




HIV^ 


(HAART treatment) (« 


= 28) 




0.78 


2.18 


P < 0.01 


0.51 


1.67 


P>0.05 


zincaemia 


0.85 


2.34 


P < 0.01 


0.48 


1.62 


P>0.05 
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3.2, HIV^ subjects 

TT/AT ratio > 2 is associated with more marked zinc deficiency at time 0 as compared to 
day 120 of observation (Table 3). CDA'^ and body weight (A%) are reduced at time 0 as 
compared to young healthy controls (P < 0.001) (Tables 3 and 1). HAART increases 
zincaemia, body weight and CD4"*' and reduces HIV-RNA (copies/ml) as compared to time 0 
{P < 0.01) (Table 3). This reduction is also. > 1 logio. HAART avoids CD4"^ depletion and 
zinc deficiency as relative risk factors for opportunistic infections, as compared to AZT HIV"^ 
treated subjects (Table 3). HAART induces no appearance of opportunistic infections during 
the period of observation as compared to AZT treated group (Stage III of disease) of the 
restrospective study (0 infections vs 13 opportunistic infections among whom, three by 
Candida) (Mocchegiani et al., 1995b). No difference between male and female and between 
drug-users and heterosexsuals is found (data not shown). Significant inverse correlations exist 
between zincaemia and HIV-RNA (r = 0.57; P < 0.05), between CD4"** and HIV-RNA (r = 
0.72, P < 0.01) and between zincaemia and body weight {r = 0.76, P < 0.01) in HAART 
treated HIV"*" subjects. 



4. Discussion 

CD4"^ depletion and marked zinc deficiency are cross-linked in elderly subjects for infections 
relapse, such as bronchopneumonia and chronic obstructive bronchitis, resistant to 
conventional antibiotic therapy. HAART induces no appearance of opportunustic infections 
because of increased CD4"*^ and zincaemia values, which are both inversely correlated with 
HIV-RNA. HAART reduces also CD4^ and zincaemia relative risk factors for opportunistic 
infection incidence. Supplementing zinc in elderly infected subjects restores CD4"*" cell number 
with significant infections relapse reduction, as it occurs in HIV"^ HAART treated subjects. 
Thus marked zinc deficiency and CD4^ depletion may be considered as probable predictors 
for infections relapse in aging with HIV parallelism. 

CD4"^ number is similar in young and old subjects (Cakman Rohwer, Schutz, Kirchner, & 
Rink, 1996). FasL-apoptosis by bacteria endotoxins may cause CD4"^ dysregulation with 
consequent increased bacteria infections relapse (Pawlec & Soiana, 1997; Castro, Bremer, 



Table 3 

CD4"^, zincaemia and HIV-RNA in HIV'*' subjects treated with HAART from day 0-120 of observation^ 



Ratio TT/AT (log_2) 


Zincaemia (\ig/d\) 


CD4^ (mm^) 


HIV-RNA (copies/ml) 


Body weight** (A%) 


to 2.33 + 0.2 


78.4 ±6.4 


350 ±38 


28.15±9.36 


-1.77+1.23 


ti20 0.97 ±0.2* 


95.6±5.5* 


575 ±41** 


2.49±1.9r 


+ 0.51 ±0.27* 



< 0.01 and **P < 0.05 when compared to time 0. No opportunistic infections occur in HIV"^ HAART treated 
subjects during the period of observation. 

^'The body weight was calculated as individual variance (A%) of the body weight from day 0-120 for each patient. 
The significance of A% = test. 
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Nobrega, Countinho, & Truffa-Bachi, 1998). Indeed, CD4**' depletion is significant in presence 
of pre-existing infections (bronchopneumonia and chronic obstructive bronchitis). Such a 
depletion may be more related to previous infections rather than to conventional antibiotic 
therapy effect because of the blood withdrawals in remision phase and because of the non- 
influence of antibiotics (independently by doses used or pathogen agent involved) on altered 
CD4'^ subsets in peripheral blood by adult infected subjects (Kawakami et al., 1997), 
confirming also, at least, the antibiotic therapy poor efficacy in elderly infected subjects (Lewis 
& Reeves, 1994). Zincaemia and CD4^ decrease during infections (Pawelec & Solana, 1997; 
Fabris et ai., 1988; Mocchegiani et al., 1995b; Sandstead, 1994), which often are, in turn, age- 
associated diseases (Fabris & Mocchegiani, 1995). Because of no availability of specific 
immunological limits under which infection relapse risk may be high in old age, zincaemia and 
CD4'^ may be taken into account because: (i) zinc is important for immune efficiency against 
infections by virus, fungi and bacteria (Sugarman, 1983); (ii) zinc deficiency is a predictor of 
death in comatose patients suffering by numerous infectious episodes (Mocchegiani et al., 
1995a); (iii) zinc deficiency is a cofactor for infection in aging (Chandra, 1989); (iv) zinc shows 
an age-related decrease (Fabris et al., 1984) and it is essential for CD4"^ maturation and 
growth (Beck, Prasad, Kaplan, Fitzgerald & Brewer, 1997). Following that, zinc deficiency and 
CD4'*' decrement may be cross-Hnked with possible limits under which infections relapse risk 
may be high. Because of no immune differences between chronic obstructive bronchitis and 
bronchopneumonia, such limits may be the same and both are reduced as compared to CDA^ 
(Hannet, Erkeller-Yuksel, Lydyard, Deneys, & DeBruyere, 1992) and zincaemia normal ranges 
(Fabris et al., 1984). €04"*" and zincaemia limits are within the lower limits of normal ranges 
in urinary tract infections. Thereby, these latter may be considered as 'moderate', whereas the 
others as 'severe' (Laurence, 1993). Without excluding other T-subsets dysregulations, such as 
'memory' and 'naive' T-cells, in aging (Sarisoni et al., 1993) and in infections (Pawelec & 
Solana, 1997), because of significant inverse correlation between CDA^ and zincaemia in 
remissed elderly infected subjects, the determination of CDA^ may also be good diagnostic 
marker to detect 'clear immunodeficiency' in aging, because of good CDA^ number 
maintenance (700 mm^) for good health (successful of aging) in centenarians (Sansoni et al., 
1993). 

The parallelism between aging and HIV may exist because, other than similar T-cell 
dysregulations (Ullum, Lepri, Victor, Skinhoj, Phillips & Pedersen, 1997), strong CD4"^ 
depletion associated with marked zinc-deficiency causes the appearance of 'severe' 
opportunistic infections, including Candida aesophagea, in HIV^ subjects (Murray et al., 1985; 
Mocchegiani et al., 1995b). The pathogen agent involved is quite different between HIV and 
aging. Because of the lack of difference in CDA^ depletion between bronchopneumonia by 
Candida and bacteria complication while, one hand possible different immune responses by 
different pathogen agents may be avoided (Belkaid et al., 1994); on the other hand, the 
parallelism with HIV in CD4"^ depletion for 'severe' infections may be further supported. 
Indeed supplementing zinc reduces infections relapse with low scores in CD4'^ and zincaemia 
relative risk factors in elderly infected subjects, as it occurs in HIV"^ zinc-treated subiects 
(Mocchegiani et al., 1995b). This suggests that zinc may induce resistence against infections 
(Shankar & Prasad, 1998). On the other hand resistence to respiratory and urinary infections 
in instituzionalized elderly subjects (Girodon et al, 1997) and in Down's syndrome (Licastro et 
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al., 1994) is observed during supplementing zinc. In addition, benefit of physiological zinc 
against gram-negative infections has been reported (WeUinghausen et al., 1996). A further 
evidence of zinc deficiency relevance for infections incidence comes from the AZT poor 
efficacy, as compared to HAART (Hazura & Kuo, 1997), in HIV condition. Indeed, HAART 
increases CDA^ cells number and zincaemia values, which are both inversely correlated with 
HIV-RNA, and, consequently, there is no appearance of opportunistic infections. The 
disappearance of CD4"^ depletion and zinc deficiency as possible relative risk factors for 
opportunistic infections exclusively during HAART therapy (Table 2), is in line with this 
interpretation. The HAART effect may also occur by means of major zinc bioavailability due 
or to decreased acute inflanmiation (Chandra, 1992) or to better zinc intestinal absorption, as 
shown by body weight increments. Because of the absence of zinc in HAART drugs (Veccia, 
unpublished observation), these findings together with the eff'ect of zinc supplementation in 
elderly subjects (in the present study) and in HIV"^ subjects (Mocchegiani et al., 1995b), while 
one hand suggest the real efficacy of HAART, on the other hand pin-point zinc as beneficial 
against 'severe' infections, whose effect may be independent either by HIV-virus or by other 
pathogen agents involved. Moreover, such an effect may be more addressed to the extracellular 
matrix because of the disappearance of Candida aesophagea relapse in HIV**" zinc- treated 
subjects (Mocchegiani et al., 1995b). While HAART reduces infections occurrence in HIV by 
means of also major zinc bioavailability, this latter may be acquired by zinc supplementation 
in aging. Other micronutrients or vitamins deficits have been suggested as infection predictors 
(Chandra, 1989). Without excluding that. Vitamin A supplementation has been found 
deleterious on immune response in elderly people, whereas zinc prevents infections (Fortes et 
al., 1998) — further supporting, this latter, the relevance of zinc deficiency in infected elderly 
patients during the remission phase. Intestinal malabsorption (Lee, Prasad, Hydrick-Adair, 
Brewer, & Johnson, 1993) or inflammation (Chandra, 1992) may cause zinc loss in aging. 
Whatever causes, low zinc bioavailability is associated with CD4'^ depletion, despite zinc 
content into young and old human lymphocytes has been found similar (Bunker, Hinks, 
Lawson, & Clayton, 1984), whereas it is different for others (Prasad et al., 1993). The free 
quota of zinc available is more relevant because zinc into lymphocytes (Yurkow & Makhijani, 
1998) is more bound with zinc-binding metallothioneins, which are increased in aging 
(Mocchegiani, Muzzioli, Cipriano & Giacconi, 1998) and in infections (Sobocinski, Canterbury, 
Mapes, & Dinterman, 1995). Since Atomic Absorption Spectrophotometry (AAS) detects zinc- 
bound and zinc-unbound, the measure of zinc into lymphocytes may, therefore, result 
controversial and, at least, also misleading. Other zinc deficiency markers, such as ecto-5 
nucleotidase, are useful (Prasad et al., 1993). However, TT/AT ratio purchases pecuUar role to 
test real zinc deficiency because TT/AT ratio detects zinc ions bioavailability due to strict 
inverse correlation between zincaemia status and ratio itself. Moreover TT/AT ratio > 2 (log_2) 
is always associated with more marked zinc deficiency, as compared to TT/AT ratio = 1 
(log_2) in presence of normal plasma zinc values (Fabris et al., 1984). Thus the low zinc ions 
bioavailability is evident in aging leading to CD4~^ depletion and to the appearance of 
infections relapses. Thereby, the cross-linking between zinc deficiency and CD4"^ depletion in 
aging may be probable relative risk factor avoided by supplementing zinc. 

In conclusion, present data, despite obtained in limited number of subjects, may suggest 
parallelism between aging and HIV because of the resemblance in CD4"^ depletion and zinc 



E. Mocchegiani, et al j International Journal of Immunopharmacology 21 ( 1999) 27 1-28 J 



279 



deficiecy as relative risk factors for 'severe' infections relapse. Because of CD4"^ apoptosis 
involvement in both conditions (Castro et al., 1998; Algeciras, Dockrell, Lynch, & Paya, 1998), 
and, in turn, apoptosis may be directly (Sunderman, 1995) or indirectly (Shankar & Prasad, 
1998) prevented by zinc, the resemblance may be further supported. New concepts on cause/s 
of immunosenescence' (Pawlec & Solana, 1997) may be thereby added with an emphasis on 
zinc. 



Acknowledgements 

This work was supported by INRCA and the Italian Health Ministry. The authors are 
indebted to Prof. M. Clementi, Virol. Laboratory Univiversity Ancona, for viral load detection 
and to Prof. M. Lingetti, Avellino Hospital, Italy, for zinc supplementation in elderly people. 
We thank Miss R: Stecconi, Mrs N. Gasparini, Miss B. Bartozzi, Mr F. Marchegiani and Mr 
G. Bemardini for their excellent technical assistance. We also thank medical and nursing staff 
of Geriatric Division, INRCA Hospital, Ancona, Italy, for chnical evaluations and blood 
withdrawals in elderly subjects. 



References 

Algeciras, A., Dockrell, D. H., Lynch, D. H., & Paya, C. V. (1998). CD4 regulates susceptibility to Fas-ligand and 
tumour necrosis factor-mediated apoptosis. Journal of Experimental Medicine, J 87, 711-720. 

Beck, F. W., Prasad, A. S., Kaplan, J., Fitzgerald, J. T., & Brewer, G. J. (1997). Changes in cytokine production 
and T-cell subpopulation in experimentally induced zinc-deficient human. American Journal of Physiology, 272, 
E1002-E1007. 

Belkaid, Y., Bouckson, V., Colle, J. H., Goossens, P., Lebastard, M., Leclercq, V., Marchal, G., Montixi, C, & 
Milon, G. (1994). Transient inducible events in different tissues: in situ studies in the context of development and 
expression of the immune response to intracellular pathogens, Immunobiology, 191, 413-423. 

Bunker, V. W., Hinks, L. J., Lawson, M. S,, & Clayton, B. E. (1984). Assessment of zinc and copper status of 
healthy elderly people using metabolic balance studies and measurements of leucocytes concentrations. American 
Journal of Clinical Nutrition, 40, 1096-1 102. 

Cakman, I„ Rohwer, J., Schutz, R. M., Kirchner, H., & Rink, L. (1996). Dysregulation of THl and TH2 T cell sub- 
population in elderly. Mechanisms of Ageing and Development, 87, 197-209. 

Castro, A., Bremer, V., Nobrega, A., Coutinho, A., & Truffa-Bachi, P. (1998). Administration to mouse of endo- 
toxin gram negative bacteria leads to activation of apoptosis of T-lymphocytes. European Journal of Immunology, 
28, 488-495. 

Chaisson, R. E., & Moore, R. D. (1997). Prevention of opportunistic infections in the era of improved antiretroviral 

therapy. Journal of Acquired Immune Deficiency Syndrome Retrovir ology, 1, S14-S22. 
Chandra, R. K. (1989). Nutritional regulation of immunity and risk of infection in old age. Immunology, 67, 141- 

147. 

Chandra, R. K. (1992). Nutrition and inununoregulation. Significance for host resistance to tumours and infectious 

diseases in human and rodents. Journal of Nutrition, 122, 15^151. 
Dirscherl, P., Beisker, W., Kremmer, E., Mihalkov, A., Voss, C, & Ziesenis, A, (1995). Immunophenotyping of 

canine bronchoalveolar and peripheral blood lymphocytes. Veterinary Immunology and Immunopathology, 48, 1- 

10. 

Fabris, N., & Mocchegiani, E. (1995). Zinc, human diseases and aging. A review. Aging Clinical and Experimental 
Research, 7, 77-93. 



280 E, Mocchegiani, et al. / International Journal of Immunopharmacology 21 ( 1999) 271-281 



Fabris, N., Mocchegiani, E., Amadio, L., Zannotti, M,, Licastro, F., & Franceschi, C. (1984). Thymic hormone de- 
ficiency in normal aging and Down's syndrome: is there a primary failure of the thymus? Lancet, 1, 983-986. 

Fabris, N., Mocchegiani, E., Galli, M., Irato, L., Lazzarin, A., & Moroni, M. (1988). AIDS, zinc deficiency and thy- 
mic hormone failure. Journal of American Medical Association, 259, 839-840. 

Fortes, C, Forastiere, F,, Agabiti, N., Fano, V., Pacifici, R., Virgili, F., Piras, G., Guidi, L., Bartoloni, C, Tricceri, 
A., Zuccaro, P., Ebrahim, S., & Perucci, G. A. (1998). The effect of zinc and vitamin A supplementation on 
immune response in an older population. Journal of American Geriatric Society, 46, 19-26. 

Girodon, F,, Lombard, N., Galan, P., Brunet-Lecomte, P., Monget, A. L., Arnaud, J., Preziosi, P., & Hercberg, S. 
(1997). Effect of micronutrient supplementation on infection in institutionalized elderly subjects: a controlled 
trial. Annals of Nutrition and Metabolism, 41, 98-107. 

Hannet, I., Erkeller-Yuksel, F., Lydyard, P., Deneys, V., & DeBruyere, M. (1992). Developmental and maturational 
changes in human blood lymphocytes subpopulation. Immunology Today, 131, 215-218. 

Hazura, D., & Kuo, L. (1997). Failure of AZT: a molecular perspective. Nature Medicine, 3, 836-837. 

Kawakami, K., Kadota, J., lida, K., Fujii, T., Shirai, R., Matsubara, Y., & Kohno, S, (1997). Phenotypic character- 
ization of T-cells in bronchoalveolar lavage fluid (BALF) and peripheral blood of patients with diffuse pan- 
bronchiolitis: the importance of cytotoxic T-cells. Clinical and Experimental Immunology, 107, 410-416. 

Laurence, J. (1993). T-cell subsets in health, infectious diseases and idiophatic CD4"^T lymphocytopenia. Annals of 
Internal Medicine, 119, 55-62. 

Lee, D. Y., Prasad, A. S., Hydrick-Adair, C, Brewer, G., & Johnson, P. E. (1993). Homeostasis of zinc in marginal 
human zinc deficiency: role of absorption and endogenous excretion of zinc. Journal of Laboratory and Clinical 
Medicine, 122, 549-556. 

Levy, J. A. (1989). Human immunodeficiency virus and the pathogenesis of AIDS. Journal of American Medical 
Association, 261, 2997-3006. 

Lewis, D. A., & Reeves, D, S, (1994). Antibiotic at the extremes of age: choices and constraints. Journal of 

Antimicrobiology and Chemotherapy, 34, 11-18. 
Licastro, F., Chiricolo, M., Mocchegiani, E., Fabris, N., Zannotti, M., Beltrandi, E., Mancini, R., Parente, R., 

Arena, G., & Masi, M. (1994). Oral zinc supplementation in Down's syndrome subjects decreases infections and 

normalizes some humoral and cellular immune parameters. Journal of Intellectually and Disability Research, 38, 

149-162. 

Ligthart, G, J., Coberand, J. X., Fournier, C, Galanaud, P., Hijmans, W., Kennes, B., Muller-Hermelink, H. K., & 

Steinmann, G. G. (1984). Admission criteria for immunogerentological studies in man: the senior protocol. 

Mechanisms of Ageing and Development, 28, 47-55. 
Matthews, D. E., & Farewell, V. T. (1988). Using and understanding medical statistics. Basel, Switzerland: Karger. 
Mellors, J. W., Rinaldo Jr, C. R., Gupta, P., White, R. M., Todd, J. A., & Kingsley, L. A. (1996). Prognosis in 

HIV-1 infection predicted by the quantity of virus in plasma. Science, 272, 1167-1170. 
Menzo, S., Bagnarelh, P., Giacca, M., Manzin, A., Varaldo, P. E., & Clementi, M. (1992). Absolute quantitation of 

viremia in human immunodeficiency virus infection by competitive reverse transcription and polymerase chain 

reaction. Journal of Clinical Microbiology, 30, 1752-1757. 
Mocchegiani, E., Imberti, R., Testasecca, D., Zandri, M., Santarelli, L., & Fabris, N. (1995a). Thyroid and thymic 

endocrine function and survival in severely traumatized patients with or without injury. Intensive Care Medicine, 

21, 334-341. 

Mocchegiani, E., Veccia, S., Ancarani, F., Scalise, G,, & Fabris, N. (1995b). Benefit of oral zinc supplementation as 

an adjunct to zidovudine (AZT) therapy against some opportunistic infections in AIDS. International Journal of 

Immunopharmacology, 17, 719-727. 
Mocchegiani, E., Muzzioli, M., Cipriano, C, & Giacconi, R. (1998). Zinc, T-cell pathways, aging: role of metal- 

lothioneins. Mechanisms of Aging and Development, 106, 183-204. 
Murray, H. W., Hillman, J. K., Rubin, B. Y., Kelly, C. D., Jacobs, J. L., Taylor, L. W., Donelly, D. M., Carriero, 

S. M., Godbold, J. H., & Roberts, R. B. (1985). Patients at risk for AIDS-related opportunistic infections. 

Clinical and impaired gamma interferon production. New England Journal of Medicine, 313, 1504-1510. 
Pawelec, G., & Solana, R. (1997). Immunosenescence. Immunology Today, 18, 514-516. 

Prasad, A. S., Fitzgerald, J. T., Hess, J. W., Kaplan, J., Pelen, F., & Dardenne, M. (1993). Zinc deficiency in elderly 
people. Nutrition, 9, 218-224. 



E, Mocchegiani, et aif International Journal of Immunopharmacology 21 (1999) 271-281 



281 



Sandstead, H. H, (1994). Understanding zinc: recent observations and interpretations. Journal of Laboratory and 

Clinical Medicine, 124, 322-327. 
Sansoni, P., Cossarizza, A., Brianti, V,, Fagnoni, F., Snelli, G., Monti, D., Marcato, A., Passed, G., Ortolani, G., 

Forti, E., Fagiolo, U., Passed, M., & Franceschi, C. (1993). Lymphocytes subsets and natural killer activity in 

healthy old people and centenadans. Blood, 82, 2767-2773. 
Sepkowitz, K. A. (1998). Effect of HAART on natural history of AIDS-related opportunistic disorders. Lancet, 351, 

228-230. 

Shankar, A. H., & Prasad, A. S. (1998). Zinc and immune function: the biological basis of altered resistance to 

infection. American Journal of Clinical Nutrition, 68, 447-463. 
Sobocinski, P. Z., Canterbury Jr, W. J., Mapes, C. A., & Dinterman, R. E. (1978). Involvement of hepatic metal- 

lothioneins in hypozincaemia associated with bacterial infection. American Journal of Physiology, 234, E399- 

E406. 

Sugarman, B. (1983). Zinc and infection. Review of Infectious Diseases, 5, 137-147. 

Sunderman Jr, F, W. (1995). The influence of zinc on apoptosis. Annals of Clinical and Laboratory Science, 25, 134— 
142. 

U.S. Recommended Daily Allowance (USD A) for Dietary Intakes of Minerals (1976). Federal Register, 41, 46172. 

Ulluni, H., Lepri, A. C, Victor, J., Skinhoj, P., Phillips, A. N., & Pedersen, B. K. (1997). Increased losses of CD"*"^ 
CD45RA^ cells in the late stage of HIV infection is related to increased risk of death: evidence from a cohort of 
347 HIV-infected individuals. AIDS, 11, 1479-1485. 

WelHnghausen, N., Schromm, A. B., Seydel, U., Branderburg, K., Luhm, J., Kirchner, H., & Rink, L. (1996). Zinc 
enhances lipopolysaccaride-induced monokine secretion by alteration of fluidity state of lipopolysaccaride. 
Journal of Immunology, 157, 3139-3145. 

Yurkow, E. J., & Makhijani, P. R. (1998). Flow cytometric determination of metallothionein levels in human per- 
ipheral blood lymphocytes: utility in environmental exposure assessment. Journal of Toxicology and 
Environmental Health, 54, 445-457. 



